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GENERAL INTRODUCTION 11
Already as a child, I was intrigued by the fact that some people walk down the street in 
exactly the same pace. Do they do this on purpose, or is it just coincidence? I remember 
looking at my own feet and those of the person I was with at that moment and trying 
to also walk at the same pace. Interestingly, or actually it was quite frustrating, this 
was not as easy as it may seem. Most of the time it felt awkward to do so and in many 
cases I did not manage to maintain that same pace. So, I was left with the question 
why it is that for some people this just happens without any thought being given to it.
Years later, after finishing my Master’s, I had the opportunity to write a PhD research 
proposal. Already during my Bachelor’s, I learned about and got interested in Complex 
Systems Theory (CST). This theory is able to make sense out of the process of 
individuals matching their walking pace (more about this later). Due to learning about 
this theory I began to notice interesting behavior around, and began to understand 
more about it. For example, last year when I was in a zoo, I observed fiddler crabs 
for the first time. An interesting part of the male fiddler crab is the characteristic one 
small and one large claw (see Figure 1). But, another even more intriguing aspect was 
their behavior: Multiple crabs raised their large claw at approximately the same time! 
Afterwards, I read more about these animals, and it appears that they synchronize 
this behavior in order to attract females (Araujo, Rorato, Perez, & Pie, 2013; Backwell, 
Jennions, Passmore, & Christy, 1998).
A B C
FIGURE 1    Waving-display in male of Uca leptodactylus illustrating fiddler crab waving behavior. (a) Initial 
upward movement; (b) waving apex; (c) final downward movement. Photo: Ana C. Rorato (taken 
from Araujo et al., 2013). 
So, why does this synchronization of behavior occur? To answer this question, I will 
begin with a general introduction to CST. What are its foundations and how can it help us 
answer certain questions about certain behaviors, such as those described above? I will 
then discuss more specifically the topics of interpersonal synchrony and coordination 
and how they are related to one specific behavior, cooperation. What is interpersonal 
synchrony or coordination, what are the similarities and differences, and how are they 
related to cooperative behavior? After that, I will give a brief introduction into how this 
type of complex behavior can be measured. I will end the introduction with an outline of 
the studies in this dissertation and the research questions they addressed.
1
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12 CHAPTER 1
Complex Systems Theory
Complex Systems Theory (CST), or Complexity Science, challenges the Newtonian 
view that “the universe is rationalistic, deterministic and of clockwork order … [since] 
change is ubiquitous, and stability and certainty are rare. Complexity theory is a theory 
of change, evolution, adaptation and development for survival” (Morrison, 2008, p. 
16). Note that, especially in the social sciences, the term dynamical systems is usually 
used rather than complex system. However, a dynamical system refers specifically to 
the complexity of a system in a particular environment (Mason, 2008). For example, 
two interacting individuals can be described as a dynamical system, but the principles 
underlying this process are those of the ‘more general’ complex system. That is, each 
interaction can be described as a specific dynamical system, but all of these different 
interactions are the result of complex interactions between the different parts of the 
system. Or as Mason said: “… it is in the dynamic interactions and adaptive orientation 
of a [complex] system that new phenomena, new properties and behaviours, emerge” 
(2008, p. 3). Therefore, I will use the term complex systems, also when describing 
research in which the term dynamical system is used. 
Next, I will describe the principles of CST that are most relevant for this dissertation. I 
will focus on the description of principles regarding human behavior and development. 
Note, however, that these principles also apply to complex systems in other scientific 
disciplines, such as economics, physics, and chemistry.
Principles of Complex Systems
Everyone probably agrees that the human brain is complex. Take a look at the following 
quote from Koch and Laurent (1999):
“Brains sense through many different modalities by extracting relevant patterns 
(shapes, sounds, odors, and so on) from a noisy, nonstationary, and often unpredictable 
environment. Brains control and coordinate movements of jointed (limbs) as well as 
soft (tongues) appendages, form memories with lifetimes that can well exceed those 
of the molecules holding them, and construct implicit and explicit models of the world 
and its dynamics. Above all, brains control behavior, the consequences of which can 
lead to reproductive isolation, speciation, and evolution. Any one of the things that 
brains do (such as the seemingly simple task of recognizing an odor) invokes many ill-
understood neuronal operations, often referred to as “computations”. That brains are 
complex should thus surprise no one, given the complicated and many-faceted tasks 
they solve.” (p. 96).
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GENERAL INTRODUCTION 13
And indeed, research has shown that the processes within the brain can be termed 
‘complex’ (e.g., Koch & Laurent, 1999). CST is based on the assumption that behavior 
in general is complex and that it is the result of many interacting variables, and 
that these interactions take place both within and across different timescales. That 
is, within the brain, many interactions take place between neurons. While neurons 
fire on a very fast timescale, the maturation of the brain takes place on many more, 
slower timescales. For example, the brain is believed to mature until around the age 
of 30 (Sowell et al., 2003), but changes in the brain occur over the entire lifespan. In 
addition, the brain is also nested within the body, and the body is nested within its 
environment. This is known as the principle of nested-timescales (within and across 
components). In this example, the brain acts on the fastest timescale (milliseconds), 
the body on slower timescale (seconds), and the environment on the slowest timescale 
(minutes/days/weeks/months/years). As such, the brain sends information to the 
body, which acts on its environment. However, the environment has an effect on the 
body, which sends the information to the brain, and vice versa (i.e., the relation is 
bidirectional). Note that nesting of time-scales does not occur only between spatial 
scales, as in this example, but also within spatial scales (e.g., different neuronal 
oscillation frequencies in the brain).
To further clarify this idea, see Figure 2. As the bidirectional arrows indicate, each 
of the three areas (i.e., the brain, the body, and the environment) change and are 
changed by one another. Moreover, how things change, instead of what changes, is 
the main focus of CST. That is, CST researchers are, in general, more interested in 
the process of a specific behavior than in the outcome of the behavior. Note that, 
however, this is not to say that they are not interested in outcomes, since for CST 
researchers outcomes are of course also important.
FIGURE 2    A visualization of the brain, body, and environment as situated and coupled systems 
(adapted from Beer, 2000).
BRAIN                           BODY              ENVIRONMENT
1
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An example of the importance of interaction between time-scales can be found in the 
well-known work by Thelen and Smith (1994) on Piaget’s famous ‘A-not-B’ task. In this 
task, a toy is hidden in location A several times. At some point, the toy is hidden in 
location B. Piaget showed that children of 12 months of age will correctly reach for the 
toy in location B. However, children aged 8-10 months make an interesting error. That 
is, when the hiding of the toy in location B is followed by a short delay, these children 
will revert to looking for the toy in location A. Piaget (1954) concluded from this that 
children under the age of 12 months do not yet have acquired the concept of object 
permanence, resulting in them making an error in the ‘A-not-B’ task.
However, research has shown that this is not the case. Clearfield, Diedrich, Smith, and 
Thelen (2006) showed that children younger than 8 months, from the age of 5 months, 
do not perseverate in their reaching behavior. Looking at this behavior from a CST 
perspective, it has been shown that children much younger than Piaget believed could 
do the task correctly when it was slightly changed. For example, when the delay between 
hiding the toy and the child reaching for the toy was shorter, children of 8-10 months 
old also reach for location A (Clearfield, Dineva, Smith, Diedrich, & Thelen, 2009). In 
addition, Clearfield et al. (2009) showed that a more salient visual cue was necessary to 
overcome a longer delay and correctly reach for the B location. It also mattered whether 
the object a child had to reach for was similar in both the A and B location, or whether 
they were distinctly different. When the object to reach for in location B was highly 
distinctive from the object in location A, children did not perseverate in their reaching 
for location A (Diedrich, Highlands, Spahr, Thelen, & Smith, 2001).
However, being distinctive in some way is not a guarantee for success. The reaching 
history of the child also has an influence on its reaching behavior. More recent studies 
have shown that children that perseverate in reaching for location A, when the object 
was hidden in location B, show reaching patterns with low variability (e.g., Diedrich, 
Thelen, Smith, & Corbetta, 2000). That is, the reaching trajectories were he similar 
across trials which could have led to the reaching for the wrong location on the B 
trial, since there was a motor movement history for reaching for the A location. Smith, 
Thelen, Titzer, and Mclin (1999) concluded that the perseverative error is caused by 
the processes of reaching, not by the processes of remembering the hidden object. 
Taken together, these findings highlight what was discussed earlier, that is, that the 
brain, body, and environment are interrelated.
Another example of complexity is that of the pronunciation of a letter. One can simply 
explain this by saying something about the coordinated changes and synchronized 
movement of the muscles of the tongue, lips, jaw, and respiration (Riley, Shockley, 
& Van Orden, 2012). Although observable behavior, such as pronouncing a letter, 
can be described in simple terms, much more is going on that leads to that behavior. 
What is not observable in this example are all the actions the body and mind have to 
take to arrive at the (right) pronunciation. That is, the brain has to process input and 
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GENERAL INTRODUCTION 15
output (i.e., ‘know’ that it has to pronounce a specific letter), specific neurons will 
activate and fire, muscle tension has to be adjusted, etc. When pronouncing a word, 
this process is even more complex, as letters have to be linked and pronounced in the 
right order, tone, pitch, etc. Thus, a seemingly simple action such as pronouncing a 
letter or a word is a very complex behavior. 
Two key principles of CST are self-organization and emergence (Greenberg, 2014). 
Self-organization entails the fact that behavior is not pre-programmed or under control 
of one, either internal or external, ‘executive’. It happens through the interaction 
between the organism and its environment. Emergence is closely related to self-
organization, in that novel behaviors and properties emerge through the process of 
self-organization.
Development can thus be described as self-organized and emergent. That is, novel 
behaviors come into existence (i.e., emerge) through the process of self-organization 
(i.e., the system’s own activity; Smith & Thelen, 2003). For example, babies crawl 
before they learn to walk. For some time, crawling will be a stable behavior that allows 
the baby to move around the room. However, at a certain point in time, around 12 
months of age, the baby will learn to walk. Once it has learned to walk, this new means 
of moving around will replace the old one and will become the new stable behavior. 
Thus, it appears as though this new type of behavior emerges all of a sudden, as if it 
was in the child the whole time and was waiting to appear. For long, this has been the 
dominant idea, that humans are preconfigured and that development is just waiting 
to happen. However, we now know that this is not the case.
True, biological predispositions, heritability, and evolution all influence development. For 
example, children with Down syndrome show a delay in the development of independent 
walking, which is approximately one year later than in their typically developing peers 
(Wu, Looper, Ulrich, Ulrich, & Angulo-Barroso, 2007). Thus, predispositions do affect 
development, but there are more factors in play in the emergence of new behavior, 
such as walking. For example, the stepping reflex of newborns does not disappear; it 
is due to their legs becoming too heavy that they are unable to lift their legs when 
they are held upright (Thelen & Fisher, 1982, discussed in more detail in the next 
section). In addition, Thelen (1986) showed that infants of 3 to 8 months do indeed 
retain their stepping reflex. Thelen had the children stand (i.e., being supported) on 
a small, motorized treadmill, a context that enacted well-coordinated locomotion that 
was comparable to that of stepping of older children. For children with Down syndrome, 
a treadmill intervention has been shown to be effective, indicating that also when there 
is a predisposition that makes it harder to develop a certain behavior, the environment-
body relation is crucial to behavioral outcomes. Thus, coordinating one’s actions is not 
only in the mind, but also in the body and the environment, since “… infants seemed to 
be exquisitely sensitive to changes in the tasks, and able to ‘self-assemble’ new motor 
patterns in novel situations” (Thelen & Bates, 2003, p. 380).
1
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Instability - Stability
Coordinated behavior requires stability, but when there is the need for a new or 
different type of behavior, human behavior self-organizes in relation to the demands 
imposed by a specific situation. This is called soft-assembly. Take a look back at the 
example of the child learning to walk. Once the child has learned to walk, this new 
means of moving around coincidingly replaces the older habit (i.e., crawling) and 
this will become apparent as a new stable behavior. However, this dynamic stability 
does not mean that there is no flexibility. When a situation requires a slightly different 
kind of behavior, for example when a child drops a toy under the table and wants to 
retrieve it, the child will have to revert to a previous stable mode, that of crawling. 
Thus, the system must ‘soft-assemble’ the movement patterns in response to the 
environmental requirements or changes. 
After retrieving the toy, the child will revert back to the stable state of walking as 
the primary means of moving around. This is yet another example of soft-assembly, 
indicating a bounded stable state given the applicable contextual constraints. An 
attractor is a stable state, or behavior, to which an individual is tended to be drawn. 
This can best be explained by looking at a state space, a visual representation of 
possible states that an organism can be in and how strong the different attractors 
are (see Figure 3). A state space consists of one, but most of the time multiple valleys 
(i.e., the attractors). These valleys are potential states that behavior can be ‘pulled’ 
into. The deeper and wider a valley is, the greater the chance is that an organism is 
pulled into it and remains there, and the more resilient it will be to changes in its 
environment (Granic & Hollenstein, 2003). 
 
 
 
FIGURE 3    A dyadic state space grid with four attractors and a behavioral trajectory (adapted from Granic 
& Patterson, 2006).
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Let’s take a closer look at the state space above from Granic and Patterson (2006). This 
state space represents the possible states for a parent-child or peer-child interaction. 
There are four possible states a dyad can be in: disengaged, polite, playful/
cooperative, and mutually hostile. For this specific dyad, the state of mutually hostile 
is deepest and widest. Thus, there will be a strong attraction towards this behavior. 
However, the other three states are possible behaviors as well. Now look at the path 
drawn in the state space and imagine that it represents two children working together 
in a cooperative task. At first, the dyad is drawn towards playful/cooperative behavior, 
but the cooperation does not go smoothly, for example because both children want 
to be dominant. This does not necessarily mean that they will immediately be drawn 
towards the mutually hostile state. In this case, the interaction becomes polite, but is 
no longer playful or cooperative. However, if one or both children remain dominant, 
this may lead the dyad to be drawn towards mutually hostile behavior, the strongest 
attractor. Once the dyad falls into this valley, it will be hard to get out of and chances 
are high that if they do so, that they will be drawn back into it. This is shown in Figure 3 
in the back-and-forth movement between disengaged and mutually hostile behavior. 
Note that it is also important to keep in mind that a state space is based on the history 
of, in this case, the dyad. Past experiences affect the attractors. In this example, the 
attractor for mutually hostile behavior will become even stronger after the interaction 
in the example and chances are even higher that they will be drawn towards mutually 
hostile behavior in future interactions. 
The most important difference between a complex systems approach and a Newtonian 
approach is the way time is incorporated into theories, models and analyses. From a 
complex systems approach, change can be seen as a function of time, while in static 
models time is treated as a ‘predictor’. In the following examples, we will look at two 
different time-scales: real-time (i.e., what happens now) and developmental time (i.e., 
how this is related to later development). For example, in real-time a child may witness 
parental fights, which ultimately lead to the parents divorcing at a later time. These 
interactions (i.e., processes) can have an effect on the child’s later development, that 
is, they may have an effect on developmental time. In addition, research has shown 
that adults who experienced a divorce as children, run a higher chance of lower 
psychological well-being, quality of marital relations is less and once they are adults 
they are more likely to divorce than adults who grew up in an intact two-parent home 
(Amato & Keith, 1991). Another example is that of a child who is victimized by peers. 
This real-time victimization can have negative outcomes over developmental time as 
well. For example, peer victimization has been shown to be related to poorer academic 
functioning, physical health and neurobiology, social relationships, self-perception, 
and mental health (McDougall & Vaillancourt, 2015). Thus, “… processes occurring 
on these different time scales are completely nested in one another as well as being 
coupled to one another” (Thelen, 2005, p. 262).
1
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A final important aspect of complex systems is that they are sensitive to entrainment, 
coordination or synchronization. They are discussed later in this introduction.
Insights from CST in Human Development and Behavior
Here, I present some of the classic work by Esther Thelen and colleagues that 
demonstrates that looking at behavior from a CST perspective (note that they called 
it Dynamical Systems Theory) can provide us with new insights to better understand 
development. I chose this work because one can easily relate to its findings, making it 
also easier for those not familiar with CST to get a grip of what it entails. Esther Thelen 
(2005) used the following metaphor to describe human behavior:
“I suggest another metaphor for human behavior: a mountain stream. This is an apt 
comparison to keep in mind, because a stream is moving all the time in continuous flow 
and continuous change. Development is continuous—whatever has happened in the 
past influences what happens in the future. But the stream also has patterns. We can 
see whirlpools, eddies, and waterfalls, places where the water is moving rapidly and 
places where it is still. Like the stream, development also has recognizable patterns: 
milestones and plateaus and ages and stages at which behavior is quite predictable. 
In the mountain stream, there are no programs or instructions constructing those 
patterns. There is just water and the streambed under it. The patterns arise from the 
water and natural parts of the stream and the environment, such as the streambed, 
the rocks, the flow of the water, the current temperature and wind. The patterns 
reflect not just the immediate conditions of the stream, however; they also reflect the 
history of the whole system, including the snowfall on the mountain last winter, the 
conditions on the mountain last summer, and indeed the entire geological history 
of the region, which determined the incline of the stream and its path through the 
mountain. In addition, the stream also carves the rocks and the soil and creates its 
own environment, which then constrains and directs the water. It is not possible to say 
what directly causes what, because the whole system is so mutually embedded and 
interdependent.” (p. 259).
Humans, just like mountain streams, are constantly moving. That is, development 
takes place over time, on different time-scales, from seconds to hours and from days 
to months or years. And just like the mountain stream humans bring with them their 
own history of experiences, which either directly or indirectly influences development. 
For example, when a child has to cooperate with a peer with whom he or she has a 
close friendship, the cooperation will likely be seen as something positive. That is, 
these friends will probably like the idea of working together. However, when a child 
has to cooperate with the person who bullies him or her, the idea of having to work 
together will probably have the opposite effect. This is not to say that friends will work 
together more efficiently than non-friends or ‘enemies’, it could well be the other way 
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around. Thus, the social history between cooperating children may affect (at least) 
how this cooperation will be experienced already before it happens. 
Another comparison that Thelen made between the mountain stream and human 
development is multifinality. That is, similar events or experiences may lead to 
different outcomes. The opposite of multifinality is equifinality, in which different 
causes lead to the same outcome (see Figure 4). The example that Thelen gives is that 
of a rock being thrown into the mountain stream. If the rock falls in a deep area of the 
mountain stream it will have little effect on the stream (e.g., the stream will end up 
in the same places before the rock was thrown). However, were it to fall in a shallow 
part of the stream, the rock may have a large effect on the stream, as it may divert the 
stream, which may change the course of the stream (e.g., the stream may end up in a 
totally different place than it did before the rock entered it).
 equifinality multifinality
FIGURE 4   Equifinality and multifinality.
And indeed, multifinality is also present in human development. For example, research 
on adopted twins has shown that developmental pathways may differ significantly, 
although the initial conditions were the same. Monozygotic twins who were adopted 
and raised in different families and different environments showed similar, but also 
strikingly different developmental pathways. For example, two meta-analytic studies 
on antisocial and aggressive behavior showed that approximately 50% of the variance 
between twins is accounted for by genetics (Mason & Frick, 1994; Miles & Carey, 1997). 
A similar percentage (43%) was found for genetic influence on adult ego development 
(Newman, Tellegen, & Bouchard Jr., 1998). Besides genetic and environmental factors, 
there appears to be a third factor underlying phenotypic differences in development, 
that is, nonlinear epigenetic variance (Kan, Ploeger, Raijmakers, Dolan, & van der 
Maas, 2010; Molenaar, Boomsma, & Dolan, 1993).
Also within families, children can grow up to be strikingly different from one another, 
although they come from the same family. Social or economic disadvantages do not 
OUTCOME 1
OUTCOME 2
OUTCOME 3
CAUSE A
CAUSE B
CAUSE C
OUTCOME 1 CAUSE B
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necessarily lead to negative outcomes, although research has shown that they are risk 
factors (e.g., Rijlaarsdam et al., 2013), while having social or economic advantages 
does not mean that one will succeed in life. This has been called ‘sensitivity to initial 
conditions’, which entails that ‘… small changes in one or more components of a 
complex system can lead to reorganization and to large differences in behaviour’ 
(Smith & Thelen, 2003, p. 347). Thus, development is not fixed, it is in the interaction 
with our environment that we develop. 
Thelen and Fisher (1982) studied the stepping behavior of babies. A few months 
after birth babies lose their stepping reflex. All of a sudden, babies no longer show 
stepping behavior when held upright, although they do maintain their ability to kick 
their legs when lying down. Later, around 12 months of age, this behavior reappears 
when babies learn to walk. Based on the work by Piaget, it was long assumed that 
this was a developmental jump that abruptly comes into existence. Thelen and Fisher 
(1982), however, showed that this is not the case. Looking at this behavior from a CST 
perspective, they showed that babies do not actually lose their stepping ability, but 
that development makes it hard for them to show it. Because their legs gain weight, 
it is harder for them to maintain this ability when held upright (i.e., they did retain the 
ability to kick when lying down). When they held 1 and 3-month-old children waist 
deep in water, their stepping behavior reappeared. In addition, when they placed small 
weights on the ankles of the infants, their stepping behavior decreased. Thus, using 
a CST perspective they showed that development is influenced by multiple factors, 
both intrinsic (i.e., weight gain and muscle strength) and extrinsic (i.e., environmental 
factors, such as being in water or having weights around the ankles). 
These examples underscore the complex nature of human development. Next, I will 
relate CST to a more specific complex human behavior, namely that of interpersonal 
synchrony or coordination. In addition, I will present research that has examined 
interpersonal synchrony or coordination in tasks that involve interpersonal cooperation.
Interpersonal Synchronization and Coordination
One specific form of self-organization can be observed in the synchronization, 
coordination or entrainment of behavior in interactions with others or the environment. 
In the example at the beginning of this introduction, individuals walking down the 
street sometimes show (near) synchronized stepping patterns. They unconsciously 
self-organize their stepping patterns, from which a synchronized stepping pattern 
emerges. Interestingly, such patterns have been observed in many other situations in 
both living organisms and inanimate things.
A classic example of synchronized movement is the observation made in 1665 by 
Christian Huygens, the founding father of synchronization theory. While lying ill in bed, 
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Huygens noticed that the pendulums of the two clocks hanging on the wall became 
synchronized over time. No matter where they started, they eventually synchronized. 
We now know that it is due to the possibility of the clocks to ‘interact’, they were 
physically connected via the wall on which they were hanging. This has been replicated 
with metronomes that were positioned on a base platform that was supported by two 
soda cans (Pantaleone, 2002). This made it possible for the metronomes to become 
coupled and self-organize a novel behavior, that is, the synchronized movement of 
the pendulums.
Another example is that of the synchronized flashing of glowworms. In 1680, Engelbert 
Kaempfer wrote after his voyage into Siam: 
“The glowworms … represent another shew, which settle on some Trees, like a fiery 
cloud, with this surprising circumstance, that a whole swarm of these insects, having 
taken possession of one Tree, and spread themselves over its branches, sometimes 
hide their Light all at once, and a moment after make it appear again with the utmost 
regularity and exactness ...” (in Rosenblum & Pikovsky, 2003, p. 402).
Similar behavior has been observed in fireflies:
“As we drew in toward the dark shoreline, pale nebulous patches began to resolve, at a 
distance of 30 meters or so, into bushes or trees spangled with hundreds of tiny lights 
pulsing steadily in a rapid rhythm of about two per second. … Each time we saw this 
hurrying, soundless, hypnotic, enduring performance, it impressed us anew as uniquely 
different from any behavior we had ever seen.” (Buck & Buck, 1968, p. 1321).
This quote comes from John and Elisabeth Buck, after their visit to Thailand in 1968. 
There, they observed a majestic scene while observing the shoreline. It started with 
several fireflies flashing ‘at random’. However, as time progressed, more and more 
fireflies began to flash. In the end, the riverbank was lit up by thousands of fireflies 
flashing in synchrony, as if they were told to do so by an external force. However, this 
is not the case, there is no leading firefly in this interaction; the coupling between the 
fireflies’ flashing was the result of self-organizing behavior (for more examples from 
nature, see Strogatz, 2003). 
Self-organized coupling dynamics is most often described as the occurrence of 
interpersonal synchrony or coordination. These two constructs differ in a subtle way. 
Interpersonal synchrony is the occurrence of two (or more) agents (i.e., animate and/
or inanimate) doing the same thing at (about) the same time. Thus, the actions are 
spatially and temporally the same. The observation by John and Elisabeth Buck is an 
example of synchronized behavior: the fireflies do the same (i.e., spatial similarity) at 
the same time (i.e., temporal similarity). Other examples are the synchronization of 
flight (Gerard, 1943) and wing beats (Nachtigall, 1970) of flocks of birds, the acoustic 
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synchrony in the chirping of crickets (Nityananda & Balakrishnan, 2007; Walker, 
1969), the claw waving of the fiddler crabs (Araujo et a., 2013; Backwell et al., 1998), 
the phase synchronization of maternal-fetal heartbeat (Ivanov, Ma, & Bartsch, 2009; 
Van Leeuwen et al. 2009), and the synchronized clapping of audiences (Néda, Ravasz, 
Brechet, Vicsek, & Barabási, 2000). In all these examples, the synchronized behavior 
occurs spontaneously (i.e., emerges) through the process of self-organization. Some 
have even gone so far as to state that synchrony might be ubiquitous in nature and an 
innate ability in humans (e.g., Condon & Sander, 1973; Strogatz, 2003). 
Interpersonal coordination distinguishes itself from synchronization in the spatial 
aspect. That is, when coordinating for example lifting a heavy table, it is important 
that the individuals lifting the table do so at the same time, or else they will not be 
able to lift it. Thus, the temporal aspect is of significant importance here. However, the 
spatial aspect is not. That is, how the individuals lift the table is not important, only 
that they lift it at the same time. When one person lifts the table behind her back and 
the other lifts it in front of her, they may still achieve the objective of lifting the table. 
Another often used metaphor for interpersonal coordination is a dancing couple. 
Dancers often perform complementary movements, which need to be coordinated so 
as not to bump into one another. In daily situations, we also adjust to our environment 
seemingly effortlessly. For example, when running to catch a train, we coordinate 
our movements to evade others and often do so in a split-second. A soccer player 
coordinates his movements in relation to the position of the ball, his teammates, and 
his opponents. However, the soccer player only has control over what he does, not 
over what his teammates and opponents do. Thus, he has to coordinate his actions in 
relation to and as a consequence of what the others do. 
Interpersonal synchrony and coordination are related to interactions in different ways. 
For example, during mobile phone conversations, people may synchronize their gait 
phase angles, but only when actual interaction takes place (Murray-Smith, Ramsey, 
Garrod, Jackson, & Musizza, 2007). Higher levels of interpersonal synchrony have 
been shown to be related to better cognitive performance, such as increased memory 
(Macrae, Duffy, Miles, & Lawrence, 2008), and higher likeability (Hove & Risen, 2009). 
Higher levels of interpersonal synchrony are related to higher ratings of relationship 
quality and higher self-efficacy in client-therapist interactions (Ramseyer & Tschacher, 
2011). Synchronization of heart rate variability and electrodermal activity are related 
to better performance on a joint tracking task (Henning, Boucsein, & Gil, 2001). There 
is increased postural coordination when interacting, but only when the interaction 
partner is present (Shockley, Santana, & Fowler, 2003; Stoffregen, Giveans, Villard, 
Yank, & Shockley ,2009; Stoffregen, Giveans, Villard, & Shockley, 2013) and higher 
levels of interpersonal coordination are related to better dyadic task performance 
(Abney, Paxton, Dale, & Kello, 2015). Interactions of unequal-power couples have 
been shown to be predominantly asynchronous, whereas those of equal-power 
couples are predominantly synchronous (Dunbar & Mejia, 2012). Therefore, difference 
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in power, or related constructs such as dominance and popularity (Cillessen & Rose, 
2005), may affect the dynamics of interacting dyads. Overall, these findings show 
that in interactions, there is the potential for interpersonal synchrony or coordination. 
One finding that is of specific relevance to the present thesis is that interpersonal 
synchrony and coordination are related to cooperation (Wilthermuth & Heath, 2009).
Interpersonal Synchrony or Coordination as Marker of  
Impaired Performance
Interpersonal synchrony also has been shown to be important in populations of 
individuals with a neurodevelopmental disorder. Fitzpatrick et al. (2017a) showed that 
children with an Autism Spectrum Disorder (ASD) showed different and less stable 
patterns of interpersonal synchrony than typically developing children. Romero, 
Fitzpatrick, Schmidt, and Richardson (2016) also found differences in the patterns, 
stability, and deterministic structure of coordination between ASD and typically 
developing (TD) children. Interestingly, children with ASD showed more deterministic 
but less stable interpersonal motor coordination patterns than TD children. In 
addition, there is an association between social motor synchronization and joint 
attention, cooperation, and theory of mind (Fitzpatrick et al., 2017b). More specifically, 
all three are associated with unintentional motor synchronization, while there is an 
association between intentional motor synchronization and initiating joint attention 
and theory of mind. Using a rocking chair paradigm, Marsh et al. (2013) showed that 
while TD children showed spontaneous social rocking with their caregivers, this was 
less so for children diagnosed with ASD. Unintentional social motor coordination 
was preserved while intentional social motor coordination was impaired. A study of 
patients suffering from schizophrenia, however, showed the exact opposite (Varlet 
et al., 2012). While unintentional social motor coordination was intact, intentional 
coordination was impaired. Compared to the control group, the coordination patterns 
of the schizophrenia group were less stable. In addition, patients were never in 
the lead. Overall, these studies suggest that, just as with typically developing 
individuals, examining interpersonal synchrony and coordination in individuals with a 
neurodevelopmental disorder can provide valuable insights into the mechanisms that 
are related to social interactions.
Some of the studies mentioned above used a specific method for analyzing their data, 
Cross Recurrence Quantification Analysis (CRQA). In the next section, I will briefly 
introduce this method. For a more detailed description, I refer the reader to the Method 
section of Chapter 2. For the interested reader, I recommend the comprehensive 
mathematical descriptions of this method by Marwan, Thiel, and Nowaczyk (2002) 
and Marwan, Romana, Thiel, and Kurths (2007).
1
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Measuring Interpersonal Synchrony or Coordination  
(between Complex Systems)
An important characteristic of complex systems is that they are in many cases difficult 
to model. This is due to the many interactions, relations, and dependencies that make 
prediction difficult. An example is the Earth’s climate. We can predict the weather 
with some certainty in the short run, but due to the many variables at play, there is a 
fair amount of uncertainty in the long run. This is highlighted by the classic butterfly 
effect: “A butterfly flapping its wings in the Brazilian rainforest can cause a tornado in 
Texas” (Lorenz, 1972). This quote states that a small change in the initial conditions 
of system can have a large effect on the system in the (near) future. Even if we know 
all relevant variables and their interrelatedness, we are still unable to measure with 
exact precision each of the starting values. A slight difference in two numbers with 3 
decimal places can mean a difference between storm and calm weather. This is 
another example of multifinality.
The examples presented earlier of the dancers, the soccer player, and the person 
running to catch a train all entail the emergence of behavior that is self-organized 
in relation to the self and the environment. Fairly recently, research methods based 
on CST have provided us with tools to study such behavior in more detail. Most of 
these tools are based on mathematical models that incorporate the notion of time 
and use differential equations to predict future behavior, that is, they can tell us 
something about the system’s dynamic behavior. Here, I will limit my discussion to 
Cross Recurrence Quantification Analysis (CRQA), since this is the method I have used 
in the studies of this dissertation. A technical description is provided in the Method 
section of each study.
As Thelen and Bates (2003) stated, mathematics and models can be used to make 
the concepts and data one starts with richer. CRQA is the method of choice for the 
study of interpersonal synchrony. It provides information about the coupling of two 
systems, that is, it can quantify measures of recurrence, determinism, and entropy, 
among others. Because these measures are the ones I have used in my studies I will 
discuss them here.
Recurrence is a consequence of interaction dominant dynamics (Marwan, Romano, 
Thiel, & Kurths, 2007). Recurrence is observed when similar behaviors occur at 
different moments in time. Related to this is determinism (percentage of recurrent 
points that form a diagonal line). Using recurrence plots, we can visualize these 
recurrent patterns of behavior.
Figure 5 shows the time series of the heartbeats of a client and therapist while making 
music together during a therapy session. Heartbeat is represented as beats per 
minute (BPM) on the y-axis and time is on the x-axis. Figure 6 shows the accompanying 
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recurrence plot (RP), in which the time series of client and therapist are plotted against 
each other. As can be seen in Figure 5, the time series of the client and therapist look 
very similar. The BPM of the client is always higher than that of the therapist, but the 
pattern is similar. As mentioned before, CST deals with the process of behavior and in 
this case the process shows a similar unfolding over time (although the height of the 
BPMs differ). When the BPM of the client is high, so is that of the therapist, and vice 
versa. Now, let us take a closer look at the RP in Figure 6. In the RP, all the black ‘dots’ 
are recurrent points. That is, these dots show when two events (in this case the number 
of beats per minute) recur. For example, the black dots in the top left corner show that 
the BPM of the client on approximately t = 10 recurs with that of the therapist on t = 
280. This, however, is not very informative, since it does not tell us anything about what 
will happen next (i.e., there is too much time in between). Determinism, however, does 
tell us something about what will happen next. In this RP, determinism is very high. 
This can be seen in the diagonal line from the bottom left corner (0,0) to the top right 
corner (300,300). There are many black dots that fall on a diagonal line, indicating that 
if the BPM of either client or therapist rises or drops, so does that of the other. Thus, in 
this interaction, the synchronization of the BPM is very deterministic (i.e., predictable). 
Note that if all the black dots in Figure 6 would be randomly distributed across the RP, 
the recurrence would be the same, since this is a measure of the number of recurring 
points. Determinism, however, would drop significantly, since this is measured by 
dividing the number of black dots forming diagonal lines (at least two points recur 
directly after one another) by the total number of recurrent points. 
In sum, CRQA can provide valuable information about the process taking place 
between two complex systems. More specifically, CRQA was especially useful for this 
dissertation, since it can quantify how strongly two systems are coupled. That is, it 
tells us something about the level of synchrony or coordination in an interaction.
 
FIGURE 5    Time series of the heartbeats of a client and therapist. On the x-axis is time, while y-axis 
represents the BPM.
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FIGURE 6    Recurrence plot of the time series presented in Figure 5. On the x-axis is the time series of the 
client and on the y-axis the time series of the therapist.
 
Research Goals
In light of the above considerations, in this dissertation the following research 
questions were addressed: How does interpersonal synchrony/coordination present 
itself in a dyadic, cooperative task? Is this different for typically developing children 
and children with a neurodevelopmental disorder? And how is leader-follower 
behavior related to task performance?
Starting from a CST perspective, the first goal of this dissertation was to describe 
how interpersonal synchrony/coordination presents itself in a dyadic, cooperative 
task with children. Previous research has mainly focused on studying its occurrence 
in experimental, restricted lab situations, thus limiting the applicability of these 
results to natural situations. Therefore, I decided to study interpersonal synchrony/
coordination in a naturalistic, unrestricted task. 
The task I used in all of our studies consisted of three parts: an individual task, a 
cooperative/dyadic task, and again an individual task. Participants were children in 
Grades 4-6 who were asked to perform a tangram task. A tangram is a set of seven 
puzzle pieces that can be used to (re)create all kinds of figures.
300
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In the first study (Chapter 2), I wanted to know if and how interpersonal synchrony 
presents itself in a cooperative learning task. Next, I compared the results of the 
typically developing children to those of children with a neurodevelopmental disorder 
(Chapter 3).
In the next two studies, I wanted to know how leader-follower behavior is related to 
task performance. First, I examined whether the level of individual competence (i.e., 
performance on the individual task prior to the cooperative task) could be used to 
distinguish patterns of leading-following and how these are related to cooperative 
performance (Chapter 4). Second, I examined the associations of leading and 
following behavior with children’s popularity (Chapter 5).
After presenting my studies, in the discussion chapter (Chapter 6) I will relate these 
findings to each other and again bring into play CST as a lens through which I describe 
and explain my findings. In addition, I will discuss limitations of my studies and give 
suggestions for future research. 
1
521765-L-bw-Vink
Processed on: 8-8-2018 PDF page: 28
28 CHAPTER 1
References
Abney, D., Paxton, A., Dale, R., & Kello, C. T. (2015). Movement dynamics reflect a 
functional role for weak coupling and role structure in dyadic problem solving. Cognitive 
Processing, 16, 325-332. doi: 10.1007/s10339-015-0648-2
Amato, P. R., & Keith, B. (1991). Parental divorce and well-being of children: A meta-analysis. 
Psychological Bulletin, 110, 26-46. doi: 0033-2909/91/J3.00 
Araujo, S. B. L., Rorato, A. C., Perez, D. M., & Pie, M. R. (2013). A spatially explicit model of 
synchronization in fiddler crab waving displays. PLoS One, 8(3): e57362. doi:10.1371/
journal.pone.0057362 
Backwell, P., Jennions, M., Passmore, N., & Christy, J. (1998). Synchronized courtship in 
fiddler crabs. Nature, 391, 31-32. doi:10.1038/34076
Beer, R. D. (2000). Dynamical approaches to cognitive science. Trends in Cognitive Science, 
4, 91-99. doi: 10.1016/s1364-6613(99)01440-0 
Buck, J., & Buck, E. (1968). Mechanism of rhythmic synchronous flashing of fireflies. 
Science, 159, 1319-1327. doi: 10.1126/science.159.3821.1319 
Cillessen, A. H. N., & Rose, A. J. (2005). Understanding popularity in the peer system. 
Current Directions in Psychological Science, 14, 102-105. doi: 10.1111/j.0963-
7214.2005.00343.x 
Clearfield, M. W., Diedrich, F. J., Smith, L. B., & Thelen, E. (2006). Young infants reach 
correctly in A-not-B tasks: On the development of stability and perseveration. Infant 
Behavior & Development, 29, 435-444. doi: 10.1016/j.infbeh.2006.03.001
Clearfield, M. W., Dineva, Smith, L. B., Diedrich, F. J., & Thelen, E. (2009). Cue salience and 
infant perseverative reaching: tests of the dynamic field theory. Developmental Science, 
12, 26-40. doi: 10.1111/j.1467-7687.2008.00769.x 
Condon, W. S., & Sander, L. W. (1974). Synchrony demonstrated between movements of the 
neonate and adult speech. Child Development, 45, 456-462. doi: 10.2307/1127968 
Diedrich, F. J., Highlands, T. M., Spahr, K. A., Thelen, E., & Smith, L. B. (2001). The role of 
target distinctiveness in infant perseverative reaching. Journal of Experimental Child 
Psychology, 78, 263-290. doi: 10.1006/jecp.2000.2569 
Diedrich, F. J., Thelen, E., Smith, L. B., & Corbetta, D. (2000). Motor memory is a factor in infant 
perseverative errors. Developmental Science, 3, 479-494. doi: 10.1111/1467-7687.00140 
Dunbar, N. E., & Mejia, R. (2012). A qualitative analysis of power-based entrainment 
and interactional synchrony in couples. Personal Relationships, 20, 391-405. doi: 
10.1111/j.1475-6811.2012.01414.x
Fitzpatrick, P., Romero, V., Amaral, J. L., Duncan, A., Barnard, H., Richardson, M. J., & Schmidt, 
R. C. (2017a). Evaluating the importance of social motor synchronization and motor skill 
for understanding autism. Autism Research, 10, 1687-1699. doi: 10.1002/aur.1808 
Fitzpatrick, P., Romero, V., Amaral, J. L., Duncan, A., Barnard, H., Richardson, M. J., & 
Schmidt, R. C. (2017b). Social motor synchronization: Insights for understanding 
behavior in autism. Journal of Autism and Developmental Disorders, 47, 2092-2107. doi: 
10.1007/s10803-017-3124-2 
521765-L-bw-Vink
Processed on: 8-8-2018 PDF page: 29
GENERAL INTRODUCTION 29
Gerard, R. W. (1943). Synchrony in flock wheeling. Science, 97, 160-161. doi: 10.1126/
science.97.2511.160 
Granic, I., & Hollenstein, T. (2003). Dynamic systems methods for models of developmental 
psychopathology. Development and Psychopathology, 15, 641-669. doi: 10.1017.
S0954579403000324 
Granic, I., & Patterson, G. R. (2006). Toward a comprehensive model of antisocial 
development:A dynamic systems approach. Psychological Review, 113, 101-131. doi: 
10.1037/0033-295X.113.1.101 
Greenberg, G. (2000). How new ideas in physics and biology influence developmental 
science. Research in Human Development, 11, 5-21. doi: 10.1080/15427609.2014.874730 
Henning, R. A., Boucsein, W., & Gil, M. C. (2001). Social-physiological compliance as a 
determinant of team performance. International Journal of Psychophysiology, 40, 221-
232. doi: 10.1016/S0167-8760(00)00190-2
Hove, M. J., & Risen, J. L. (2009). It’s all in the timing: Interpersonal synchrony increases 
affiliation. Social Cognition, 27, 949-960. doi: 10.1521/soco.2009.27.6.949 
Ivanov, P. Ch., Ma, Q. D. Y., & Bartsch, R. P. (2009). Maternal-fetal heartbeat phase 
synchronization. Proceedings of the National Academy of Sciences of the United States 
of America, 106, 13641-13642. doi: 10.1073/pnas.0906987106 
Kan, K-J., Ploeger, A., Raijmakers, M. E. J., Dolan, C. V., & van der Maas, H. L. J. (2010). 
Nonlinear epigenetic variance: review and simulations. Developmental Science, 13, 11-
27. doi: 10.1111/j.1467-7687.2009.00858.x 
Koch, K., & Laurent, G. (1999). Complexity and the nervous system. Science, 284, 96-98. 
doi: 10.1126/science.284.5411.96 
Lorenz, E. (1972) ‘Predictability: Does the Flap of a Butterfly’s Wings in Brazil Set off a 
Tornado in Texas?’, Paper presented to American Association for the Advancement of 
Science, Washington, DC.
Macrae, C. N., Duffy, O. K., Miles, L. K., & Lawrence, J. (2008). A case of hand waving: 
Action synchrony and person perception. Cognition, 109, 152-156. doi: 10.1016/j.
cognition.2008.07.007 
Marsh, K. L., Isenhower, R. W., Richardson, M. J., Helt, M., Verbalis, A. D., Schmidt, R. C., & 
Fein, D. (2013). Autism and social disconnection in interpersonal rocking. Frontiers in 
Integrative Neuroscience, 7, 1-8. doi: 10.3389/fnint.2013.00004 
Marwan, N., Romana, M. C., Thiel, M., & Kurths, J. (2007). Recurrence plots for the analysis 
of complex systems. Physics Reports, 438, 237-329. doi: 10.1016/j.physrep.2006.11.001
Marwan, N., Thiel, M., & Nowaczyk, N. R. (2002). Cross recurrence plot based 
synchronization of time series. Nonlinear Processes in Geophysics, 9, 325-331. doi: 
10.5194/npg-9-325-2002
Mason, M. (2008). Complexity theory and the philosophy of education. In M. Mason (Ed.), 
Complexity Theory and the Philosophy of Education (pp. 1-15). Hoboken, NJ: Wiley-
Blackwell.
Mason, D. A., & Frick, P. J. (1994). The heritability of antisocial behavior: A meta-analysis of 
twin and adoption studies. Journal of Psychopathology and Behavioral Assessment, 16, 
301-323. doi: 10.1007/bf02239409 
1
521765-L-bw-Vink
Processed on: 8-8-2018 PDF page: 30
30 CHAPTER 1
McDougall, P., & Vaillancourt, T. (2015). Long-term adult outcomes of peer victimization 
in childhood and adolescence: Pathways to adjustment and maladjustment. American 
Psychologist, 70, 300-310. doi: 10.1037/a0039174
Miles, D. R., & Carey, G. (1997). Genetic and environmental architecture of human 
aggression. Journal of Personality and Social Psychology, 72, 207-217. doi: 
10.1037/0022-3514.72.1.207 
Molenaar, P. C. M., Boomsma, D. I., & Dolan, C. V. (1993). A third source of developmental 
differences. Behavior Genetics, 23, 519-524. doi: 0001-8244/93/1100-0519507.00/0 
Morrison, K. (2008). Educational philosophy and the challenge of complexity theory. In M. 
Mason (Ed.), Complexity Theory and the Philosophy of Education (pp. 16-31). Hoboken, 
NJ: Wiley-Blackwell.
Murray-Smith, R. D., Ramsay, A., Garrod, S., Jackson, M., & Musizza, B. (2007). Gait 
alignment in mobile phone conversations. In A. D. Cheok & L. Chittaro (Eds.), Proceeding 
of MobileHCI 2007 (pp. 214-221). AMC International Conference Proceeding Series, Vol. 
309, Singapore. doi: 10.1145/1377999.1378009 
Nachtigall, W. (1970). Phasenbeziehungen der flügelschläge van gänsen während des 
verbandflugs in keilformation. Journal of Comparative Physiology A, 67(4), 414-422. doi: 
10.1007/bf00297909 
Néda, Z., Ravasz, E., Brechte, Y., Vicsek, T., & Barabási, A.-L. (2000). The sound of many 
hands clapping. Nature, 403, 849–850. doi: 10.1038/35002660 
Newman, D. L., Tellegen, A., & Bouchard Jr., T. J. (1998). Individual differences in adult ego 
development: Sources of influence in twins reared apart. Journal of Personality and 
Social Psychology, 74, 985-995. doi: 10.1037/0022-3514.74.4.985 
Nityananda, V., & Balakrishnan, R. (2007). Synchrony during acoustic interactions in 
the bushcricket Mecopoda ‘Chirper’ (Tettigoniidae:Orthoptera) is generated by a 
combination of chirp-by-chirp resetting and change in intrinsic chirp rate. Journal of 
Comparative Physiology A, 193, 51-65. doi: 10.1007/s00359-006-0170-1 
Pantaleone, J. (2002). Synchronization of metronomes. American Journal of Physics, 70, 
992-1000. doi: 10.1119/1.1501118 
Piaget, J. (1954) The Construction of Reality in the Child. New York: Basic.
Ramseyer, F., & Tschacher, W. (2011). Nonverbal synchrony in psychotherapy: Coordinated 
body-movement reflects relationship quality and outcome. Journal of Consulting and 
Clinical Psychology, 79, 284-295. doi: 10.1037/a0023419
Rijlaarsdam, J., Stevens, G. W. J. M., van der Ende, J., Hofman, A., Jaddoe, V. W. V., 
Mackenbach, J. P., Verhulst, F. C., & Tiemeier, H. (2013). Economic disadvantage and 
young children’s emotional and behavioral problems: Mechanisms of risk. Journal of 
Abnormal Child Psychology, 41, 125-137. doi: 10.1007/s10802-012-9655-2 
Riley, M. A., Shockley, K., & Van Orden, G. (2012). Learning from the body about the mind. 
Topics in Cognitive Science, 4, 21-34. doi: 10.1111/j.1756-8765.2011.01163.x 
Romero, V., Fitzpatrick, P., Schmidt, R. C., & Richardson, M. J. (2016). Using cross-
recurrence quantification analysis to understand social motor coordination in children 
with autism spectrum disorder. In: C. Webber, Jr., C. Ioana, & N. Marwan (Eds.), 
Recurrence Plots and Their Quantifications: Expanding Horizons (pp. 227-240). 
521765-L-bw-Vink
Processed on: 8-8-2018 PDF page: 31
GENERAL INTRODUCTION 31
Springer Proceedings in Physics, Vol. 180, Springer, Cham. doi: 10.1007/978-3-319-
29922-8_12
Rosenblum, M., & Pikovsky, A. (2003). Synchronization: from pendulum clocks to 
chaotic lasers and chemical oscillators. Contemporary Physics, 44, 401-416. doi: 
10.1080/00107510310001603129 
Shockley, K., Santana, M. V., & Fowler, C. A. (2003). Mutual interpersonal postural 
constraints are involved in cooperative conversation. Journal of Experimental 
Psychology: Human Perception and Performance, 29, 326-332. doi: 10.1037/0096-
1523.29.2.326
Smith, L. B., & Thelen, E. (2003). Development as a dynamic system. Trends in Cognitive 
Science, 7, 343-348. doi: 10.1016/S1364-6613(03)00156-6 
Smith, L. B., Thelen, E., Titzer, R., & McLin, D. (1999). Knowing in the context of acting: 
The task dynamics of the A-not-B error. Psychological Review, 106, 235-260. doi: 
10.1037//0033-295x.106.2.235 
Sowell, E. R., Peterson, B. S., Thompson, P. M., Welcome, S. E., Henkenius, A. L., & Toga, A. 
W. (2003). Mapping cortical change across the human life span. Nature Neuroscience, 
6(3), 309-315. doi: 10.1038/nn1008
Stoffregen, T. A., Giveans, M. R., Villard, S. J., & Shockley, K. (2013). Effects of visual tasks 
and conversational partner on personal and interpersonal postural activity. Ecological 
Psychology, 25, 103-130. doi: 10.1080/10407413.2013.753806
Stoffregen, T. A., Giveans, M. R., Villard, S., Yank, J. R., & Shockley, K. (2009). Interpersonal 
postural coordination on rigid and non-rigid surfaces. Motor Control, 13, 471-483. 
PMID:20014651
Strogatz, S. (2003). Sync: The Emerging Science of Spontaneous Order. Hyperion, New York.
Thelen, E. (1986). Treadmill-elicited stepping in seven-month-old infants. Child 
Development, 57(6), 1498-1506. doi: 10.2307/1130427 
Thelen, E. (2005). Dynamic systems theory and the complexity of change. Psychoanalytic 
Dialogues, 15, 255-283. doi: 10.1080/10481881509348831 
Thelen, E., & Bates, E. (2003). Connectionism and dynamic systems: are they different? 
Developmental Science, 6(4), 378-391. doi: 10.1111/1467-7687.00294 
Thelen, E., & Fisher, D. M. (1982). Newborn stepping: An explanation for a "disappearing" 
reflex. Developmental Psychology, 18(5), 760-775. doi: 10.1037/0012-1649.18.5.760
Thelen, E., & Smith, L. B. (1994). A dynamic systems approach to the development of 
cognition and action. Cambridge, MA: MIT Press.
Van Leeuwen, P., Geue, D., Thiel, M., Cysarz, D., Lange, S., Romano, M. C., Wessel, N., 
Kurths, J., & Grönemeyer, D. H. (2009). Influence of paced maternal breathing on fetal-
maternal heart rate coordination. Proceedings of the National Academy of Sciences of 
the United States of America, 106, 13661-13666. doi: 10.1073/pnas.0901049106 
Varlet, M., Marin, L., Raffard, S., Schmidt, R. C., Capdevielle, D., Boulenger, J.-P., Del-Monte, 
J., & Bardy, B. G. (2012). Impairments of social motor coordination in schizophrenia. PLoS 
One, 7(1): e29772. doi: 10.1371/journal.pone.0029772
Walker, T. J. (1969). Acoustic synchrony: Two mechanisms in the snowy tree cricket. Science, 
166, 891-894. doi: 10.1126/science.166.3907.891 
1
521765-L-bw-Vink
Processed on: 8-8-2018 PDF page: 32
32 CHAPTER 1
Wiltermuth, S. S., & Heath, C. (2009). Synchrony and cooperation. Psychological Science, 
20, 1-5. doi: 10.1111/j.1467-9280.2008.02253.x 
Wu, J., Looper, J., Ulrich, B. D., Ulrich, D. A., & Angulo-Barroso, R. M. (2007). Exploring 
effects of different treadmill interventions on walking onset and gait patterns in infants 
with Down syndrome. Developmental Medicine & Child Neurology, 49, 839-945. doi: 
10.1111/j.1469-8749.2007.00839.x 
521765-L-bw-Vink
Processed on: 8-8-2018 PDF page: 33
521765-L-bw-Vink
Processed on: 8-8-2018 PDF page: 34
521765-L-bw-Vink
Processed on: 8-8-2018 PDF page: 35
This chapter has been published as:
Vink, R., Wijnants, M. L., Cillessen, 
A. H. N., & Bosman, A. M. T. 
(2017). Cooperative learning and 
interpersonal synchrony. Nonlinear 
Dynamics of Psychology and 
Life Sciences, 21, 189-215. PMID: 
28302190
R. Vink
M. L. Wijnants
A. H. N. Cillessen
A. M. T. Bosman
chapter 2
Cooperative Learning and  
Interpersonal Synchrony
521765-L-bw-Vink
Processed on: 8-8-2018 PDF page: 36
36 CHAPTER 2
Abstract
Cooperative learning has been shown to result in better task performance, compared 
to individual and competitive learning, and can lead to positive social effects. 
However, potential working mechanisms at a micro level remain unexplored. One 
potential working mechanism might be the level of interpersonal synchrony between 
cooperating individuals. It has been shown that increased levels of interpersonal 
synchrony are related to better cognitive performance (e.g., increased memory). 
Social factors also appear to be affected by the level of interpersonal synchrony, with 
more interpersonal synchrony leading to increased likeability. In the present study, 
interpersonal synchrony of postural sway and its relation to task performance and 
social factors (i.e., popularity, social acceptance, and likeability) was examined. To 
test this, 183 dyads performed a tangram task while each child stood on a Nintendo 
Wii Balance Board that recorded their postural sway. The results showed that lower 
levels of interpersonal synchrony were related to better task performance and those 
dyads who were on average more popular synchronized more. These results contradict 
previous findings. It is suggested that for task performance, a more loosely coupled 
system is better than a synchronized system. In terms of social competence, dyad 
popularity was associated with more interpersonal synchrony.
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From an evolutionary point of view, cooperation is important for human survival 
(Slavin, 1982). Individuals who are better at cooperating are likely to have better group 
relations, which would lead to higher chances of survival (de Waal, 1989). Today, the 
ability to cooperate is still highly valued, as suggested by many existing methods for 
cooperative learning in schools (see Johnson, Johnson, & Stanne, 2000). Over the past 
few decades a solid theoretical framework has been provided for cooperative learning 
and its positive effects (see Johnson & Johnson, 2009). However, the underlying 
mechanisms of cooperative learning at a micro-level are largely unexplored. Therefore, 
the goal of this study was to examine one mechanism that may underlie successful 
cooperation, namely interpersonal synchrony.
Cooperative or collaborative learning can take place when two or more individuals 
work together towards a common goal that can be achieved, for example, through 
discussion of materials, providing help, mutual encouragement, and checking 
individual performance regularly (Johnson & Johnson, 1999). In general, cooperative 
groups outperform individuals and competitive groups (Blaye, Light, Joiner, & Sheldon, 
1991; Hooper, 1992; Hooper, Temiyakarn, & Williams, 1993; Johnson & Johnson, 1999; 
Johnson, Johnson, & Skon, 1979; Johnson, Maruyama, Johnson, Nelson, & Skon, 1981; 
Roseth, Johnson, & Johnson, 2008).
There is ample theoretical support for the positive effects of cooperative learning on 
academic and social outcomes (Johnson & Johnson, 2009). Cognitive-developmental 
theories, for example that of Piaget (1959), focus on the importance of elaboration 
and verbalization as well as the process of peer modeling (Abrami & Chambers, 1996). 
A more recent theory of cooperative learning is social interdependence theory, which 
focuses on the social factors that affect cooperation (Johnson & Johnson, 2009).
Cooperative Learning Theories
Piaget (1959) stated that cognitive development requires active interaction with the 
environment, usually including other children of similar age (Fawcett & Garton, 2005). 
In interactions with their environment, children encounter situations in which there 
may be cognitive conflict with peers who have different or opposing viewpoints. Such 
conflicting opinions can lead to a state of disequilibrium, in which children have to 
rethink their ideas and consider the information presented by their peer(s). A way to 
regain a stable state of equilibrium, which all living systems strive for (Piaget, 1959; 
Strogatz, 2003), is through discussion or dialogue, which in turn may lead to cognitive 
growth (Fawcett & Garton, 2005). Thus, from a Piagetian point of view, cognitive 
conflict in and of itself leads to cognitive growth, independent of the ability level of 
the children involved (Slavin, 1996).
2
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Piaget’s theory does not address social correlates of cooperative learning, such 
as that individuals who care more about one another will work harder to reach a 
common goal or that increased liking can emerge from cooperative learning (Johnson 
& Johnson, 1996, 2003). A theory that does address this is social interdependence 
theory, which focuses on the interdependence between interacting individuals 
working towards a common goal (Johnson & Johnson, 2009). There are two types of 
interdependence. Positive interdependence relates to cooperation: Individuals can 
reach their goals only if they work together with other individuals, which will motivate 
both to put in the effort necessary to obtain their goals. Negative interdependence 
refers to competition between individuals, because an individual can only reach her 
own goals if others do not succeed. A third possibility is no interdependence, in which 
case the individuals assume that they can reach their individual goals independent of 
whether others do or do not (Choi, Johnson, & Johnson, 2011).
The type of interdependence is related to the type of interaction between individuals 
(Choi et al., 2011). When there is positive interdependence, interaction is usually 
promotive. Individuals encourage one another to maximize their efforts to obtain their 
common goals. When there is negative interdependence, oppositional interactions 
are often observed that result from individuals striving for their own goals while 
preventing others from reaching theirs. Whereas prosocial behavior is observed 
in promotive interactions, antisocial, or even harmful, behavior can be observed 
in oppositional interactions. When there is no interdependence there will be no 
interaction. Thus, the type of goals and the accompanying interactions are (in part) 
determined by the social dependencies between individuals.
Together, these theoretical perspectives provide a solid foundation for the assumption 
that cooperative learning can positively affect cognition (Piaget, 1959) and that social 
factors are also related (Choi et al., 2011; Johnson & Johnson, 1996). Apart from this 
theoretical foundation, a large number of studies over the last several decades have 
provided substantial evidence for the positive effects of cooperative learning (see, 
e.g., Underwood, McCaffrey, & Underwood, 1990; van Boxtel, van der Linden, & 
Kanselaar, 2000; Yager, Johnson, & Johnson, 1985).
Correlates of Cooperative Learning
Many studies across differing fields of research have provided evidence for the 
increased performance of dyads or groups as compared to individuals (see Roseth 
et al. 2008). Fawcett and Garton (2005), for example, showed that 7-year-old dyads 
performed better on sorting tasks than did individuals. Specifically, children who were 
paired with a peer of relatively higher ability profited the most from the cooperation. 
Similar results have been found by others, providing substantial evidence for the 
importance of dyad composition based on ability level (e.g., Garton & Pratt, 2001). 
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Fawcett and Garton (2005) also provided evidence for Piagetian theory, by showing 
that dyads who were instructed to talk during a task performed better than individuals 
and dyads who interacted only minimally, indicating that active interaction was related 
to cooperative outcomes.
Research has also provided evidence for the importance of dyad composition. For 
example, Underwood, McCaffrey, and Underwood (1990) compared gender-based 
homogeneous and heterogeneous dyads’ performance in a computerized missing 
letters task. Children were asked to fill in missing letters to complete a text on the 
computer screen. They first completed the task individually, then in a dyad, and 
then again individually (each time for 10 minutes). Homogeneous dyads performed 
significantly better than individuals, whereas heterogeneous dyads did not differ from 
individuals. This result shows that, indeed, dyads perform better than individuals, 
but also that dyad composition matters. Relating this finding to Piagetian theory, it 
appears that cognitive conflict in and of itself may not (always) be enough to enhance 
cognitive performance, since gender effects should not have an influence on whether 
or not there is cognitive conflict (Piaget, 1959).
Social factors, such as friendship and likeability (Johnson & Johnson, 2003; Slavin & 
Cooper, 1999), and popularity (Oortwijn, Boekaerts, Vedder, & Fortuin, 2008; Puckett, 
Aikins, & Cillessen, 2008) are also associated with cooperation. For example, it has 
been shown that cooperative learning programs increase the number of cross-ethnic 
friendships. Furthermore, friends outperform non-friends on difficult tasks, but not 
on simple ones (Azmitia & Montgomery, 1993). Friendship may also be the result of 
increased liking among cooperating individuals (Slavin & Cooper, 1999). This increased 
liking may result from processes related to cooperation, such as peer encouragement 
and active participation (Johnson & Johnson, 1985). Cooperative learning can also 
lead to increased popularity (Oortwijn et al., 2008) and popular children tend to be 
more cooperative than unpopular children (de Bruyn & van den Boom, 2005; Puckett 
et al., 2008).
Notwithstanding the potential positive effects of cooperating, research on 
collaborative memory has shown that due to collaboration, individual memory recall 
afterwards may be reduced. This phenomenon is known as collaborative inhibition 
(Rajaram & Pereira-Pasarin, 2010). Potential explanations for this effect are social 
contagion errors (e.g., an error is believed to be true by the group members), blocking 
(e.g., an individual blocks and does not share his/her ideas), and retrieval disruption 
(e.g., problems with retrieving information as a result of other’s retrieval strategies). 
As a result, an individual’s learning may be inhibited and individual performance 
after collaboration may be less optimal. Two potential causes for this inhibition 
effect are group size (i.e., more inhibition with increased group size; e.g., Thorley 
& Dewhurst, 2007) and the type of memory task (i.e., more inhibition with retrieval 
tasks compared to cued recall and recognition tasks; e.g., Finlay, Hitch, & Meudell, 
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2000; Clark, Hori, Putnam, & Martin, 2000). Expertise, on the other hand, can lead to 
collaborative facilitation (Meade, Nokes, & Morrow, 2009), as can re-exposure and 
relearning through retrieval (Rajaram & Pereire-Pasarin, 2010). Thus, whether or not 
collaboration leads to positive outcomes is the result of multiple factors. Next, we 
propose one such potential factor, one that has not yet been related to cooperative 
learning, namely the ability to synchronize with others.
Interpersonal Synchrony
A factor that may provide more insight into interaction patterns of cooperative learning, 
and potentially its working mechanism, is interpersonal synchrony. Interpersonal 
synchrony can be observed when two (or more) people are doing the same thing at 
(about) the same time (Bernieri & Rosenthal, 1991; Louwerse, Dale, Bard, & Jeuniaux, 
2012). According to Bernieri and Rosenthal (1991) “… normally we invoke our entire 
body when communicating with others …” (p. 406). Some have even postulated that 
being able to synchronize behavior with others may be an innate ability in humans 
(e.g., Condon & Sander, 1974; see also Strogatz, 2003).
Children are already aware of auditory and visual stimuli being synchronous or not 
at four months of age. When presented with two films and a soundtrack, children at 
this age already know (i.e., look at) which film is synchronous with the soundtrack 
that is played (Spelke 1976, 1979). Recently, it has been shown that, at the end of 
the first year of life, children prefer synchronously moving social agents (i.e., talking 
teddy bears) to nonsocial entities (i.e., colored boxes producing sounds; Tunçgenç, 
Cohen, & Fawcett, 2015). Children chose synchronously rocking teddy bears 
significantly more often than asynchronously rocking teddy bears, while no difference 
in choice was found for the nonsocial entities rocking either in or out of sync. From 
a developmental perspective, the ability to synchronize appears important, because 
lack of proper attunement (i.e., synchronization) between parent and child negatively 
affects behavior and affective states (Stern, 1985). Relating this to cooperative 
learning, being unable to synchronize with others may lead to less optimal outcomes 
of cooperation, since levels of synchrony and cooperation have been shown to be 
positively related (Reddish, Fischer, & Bulbulia, 2013; Wiltermuth & Heath, 2009).
Interaction patterns, a factor that is important for cooperative learning (Fawcett & 
Garton, 2005), also appears important for interpersonal synchrony. For example, 
during mobile phone conversations, people may synchronize their gait phase angles, 
but only when actual interaction takes place (Murray-Smith, Ramsey, Garrod, Jackson, 
& Musizza, 2007). Furthermore, the content of the interaction influences how strongly 
coupled the gait phase angles are, with free talk leading to the strongest coupling. The 
interaction does not necessarily have to be verbal to lead to interpersonal synchrony, 
as it can also be visual. Richardson, Marsh, Isenhower, Goodman, and Schmidt (2007) 
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showed that participants synchronized the tempo of their rocking chairs when they 
had visual information of the other person without verbal interaction taking place. 
When they do not temporally coordinate their (non)verbal behavior, this can lead to 
feelings of frustration or estrangement (Bernieri & Rosenthal, 1991).
Interpersonal synchrony is related to cognition, since higher levels of interpersonal 
synchrony have been shown to be related to better cognitive performance, such as 
increased memory (Macrae, Duffy, Miles, & Lawrence, 2008). When more interpersonal 
synchrony was observed, participants remembered more words they heard during a 
movement task (i.e., stepping in or out of sync with the experimenter), even though 
they were instructed to ignore these so-called distracter words. Participants who had 
been in sync during the experiment also had better memory of the facial features of 
their interaction partner. 
The social context can also be related to the level of interpersonal synchrony observed, 
with a negative social context being related to lower levels of interpersonal synchrony. 
For example, Miles, Griffiths, Richardson, and Macrae (2010) showed that when a 
confederate arrived late for an experiment, there was significantly less interpersonal 
synchrony between the participants and the confederate then when the confederate 
arrived on time. Somewhat related is the finding that higher likeability and higher 
levels of interpersonal synchrony are related (Hove & Risen, 2009). Furthermore, 
Bernieri (1988) showed that dyads that were rated as being more synchronized were 
also the dyads whose self-reported rapport was more strongly related. 
Power differences also can affect interaction patterns. Dunbar and Mejia (2012) 
studied interpersonal synchrony in the interactions between equal- and unequal-
power couples. The results showed that interactions of unequal-power couples 
were predominantly asynchronous, whereas those of equal-power couples were 
predominantly synchronous. Therefore, difference in power, or related constructs 
such as dominance and popularity (Cillessen & Rose, 2005), may affect the dynamics 
of interacting dyads.
Related to these previous findings are those from synchronization research on client-
therapist interactions. Ramseyer and Tschacher (2016) showed that interpersonal 
synchronization of hand-movements occurs in therapeutic client-therapist interactions 
and that the level of synchrony is related to the quality of the interaction. When 
there was more interpersonal synchrony, the quality of the interaction was rated 
more positively. In an earlier study, similar results were found with the use of Motion 
Energy Analysis (MEA), an objective method for quantifying interpersonal synchrony 
(Ramseyer & Tschacher, 2011). Ramseyer and Tschacher (2011) showed that higher 
levels of interpersonal synchrony were related to both higher ratings of relationship 
quality as well as higher self-efficacy. However, this was only the case for the patients, 
since therapists’ ratings of relationship quality did not correlate with the measure 
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of interpersonal synchrony. Thus, interpersonal synchrony is related to social factors 
in a client-therapist interaction, but how this manifests itself may differ between 
interacting individuals, potentially due to power differences between them (i.e., 
difference in status). Furthermore, if one would treat therapy outcome as a kind of 
performance measure, it may be argued that in this type of interaction interpersonal 
synchrony is related to (task) performance.
In addition to the synchronization of body movements while cooperating, other 
physiological measures have also been shown to synchronize. This type of 
synchronization has also been called physiological compliance (e.g., Henning, 
Boucsein, & Gil, 2001), which also appears to be related to performance and social 
factors. For example, Henning et al. (2001) found that stronger physiological compliance 
of heart rate variability and electrodermal activity was related to better performance 
on a joint tracking task. In addition, Stevens and Galloway (2016) showed that the 
level of synchronization of alpha rhythms (obtained from EEG signals) changes as 
task demands change. Studying a six-man submarine piloting and navigation team 
while they performed a training simulation, they showed that while performing the 
simulation the alpha rhythms were desynchronized, while during the debriefing they 
were synchronized. Stevens and Galloway (2016) suggested that this was due to a 
reversed attentional state of the team: While performing the simulation, the members 
were all attending to how the events and activities unfolded, while during debriefing 
the members were all directed at the instructor or to one of the team members. Thus, 
characteristics of the task may influence how interpersonal synchrony unfolds.
Since cooperative learning and interpersonal synchrony are both related to cognitive 
performance and social factors, we set out to examine whether they are interrelated. 
This idea is based on dynamical or complex systems theory, which states that 
different time scales, that is, both micro- and macro-levels of performance, need to be 
considered when describing cooperative learning. Doing this will increase explanatory 
power (Thelen & Smith, 1994). The next goal of the present study was to examine the 
potential role of postural sway.
Postural Sway
Interpersonal synchronization has been widely studied by examining postural sway, 
that is, the instability of the upright stance in humans. Even when standing still, humans 
show postural displacements (sway) due to the body’s constant need to balance. 
This is a consequence of our evolutionary shift from a quadruple to a bipedal stance, 
which requires humans to balance in order to stay upright (Skoyles, 2006). Postural 
sway patterns are informative for studying Parkinson’s disease, indicating that there is 
information in the postural sway patterns which could be informative of other behaviors 
as well, independent of whether these are healthy or not (Schmit et al., 2006).
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During suprapostural tasks (tasks that require postural control to be completed) 
such as verbal interactions (Shockley, Baker, Richardson, & Fowler, 2007; Shockley, 
Santana, & Fowler, 2003) or memory tasks (Chen, Tsai, Stoffregen, Chang, & Wade, 
2011), postural sway patterns change compared to quiet stance. According to Shockley 
et al. (2003), these changes occur because the tasks require postural adjustment for 
successful performance.
Studies also examined changes in postural sway patterns while performing a task 
together. For example, Shockley et al. (2003) found more shared postural activity 
in pairs of participants when they were having a conversation with each other than 
when both were conversing with a confederate who was not in the room. Thus, 
postural coordination patterns appear to be affected by the presence or absence 
of a conversational partner, with more shared postural activity observed when the 
partner is present. Stoffregen, Giveans, Villard, Yank, and Shockley (2009), and 
Stoffregen, Giveans, Villard, and Shockley (2013) found similar results. More postural 
coordination occurred when participants were interacting, indicating that a defining 
factor in these studies was the presence of the interaction partner. Stoffregen et al. 
(2013) also found that postural coordination increased when both participants looked 
at the same target. When target sizes matched, participants showed more postural 
coordination than when there was a mismatch. Thus, looking at the same target or 
having similar knowledge appears to affect postural coordination as well.
Further support for the effect of suprapostural tasks on postural sway patterns comes 
from Shockley, Baker, Richardson, and Fowler (2007). They examined the effect of 
articulation on postural coordination and found that articulation indeed had an effect 
on postural sway coordination, but this coordination was only visible within participant 
pairs that performed the task together. There was no postural sway coordination 
in surrogate participant pairs. Again, this shows that unintentional interpersonal 
coordination can take place only when there is the possibility to interact.
Present Study
We hypothesized that dyads would perform better on a cognitive task (tangram 
puzzles) than individuals, as suggested by previous research (e.g., Fawcett & Garton, 
2005; Underwood et al. 1990). Furthermore, we expected social factors, namely social 
acceptance, likeability, and popularity, to impact cognitive performance. Specifically, 
more accepted and more popular dyads were expected to perform better. This 
hypothesis was derived from de Bruyn and van den Boom (2005), who showed that 
popularity and cooperation were positively correlated. Support for our hypotheses 
would provide additional support for the positive effects of cooperation and its 
association with social factors and cognition.
2
521765-L-bw-Vink
Processed on: 8-8-2018 PDF page: 44
44 CHAPTER 2
The main goal of this study was to better understand the internal synchronization 
processes of dyad coordination that lead to increased performance. This could provide 
insight into the underlying process that takes place during a cooperative learning 
task, since Thelen and Smith (1994) stated that “the power of explanations is in the 
dynamics of the processes” (p. 39). Based on previous research, which has shown 
that humans spontaneously synchronize movements (e.g., Condon & Sander, 1974; 
Strogatz, 2003), we expected to find higher levels of interpersonal synchrony when 
cooperating. More specifically, we expected interpersonal synchrony to be related 
to cognitive performance (Macrae et al. 2008), the level of likeability between the 
cooperating individuals (Hove & Risen, 2009), and the social context (Miles et al. 2010), 
as defined by the levels of social acceptance and popularity of the members of a dyad.
Method
Participants and Procedure
In this study, eight schools participated with 18 classrooms, including 392 children 
between the ages of 8 and 13. These children formed 196 dyads. Children were 
randomly assigned to dyads, with the only prerequisites that the dyad should be same 
sex and from the same classroom. In a few cases, there were technical failures with 
data recording. In some classrooms with an uneven number of children, one children 
participated in two dyads or in a dyad with an opposite sex peer (so that all children 
could participate in the task). As a result, 13 dyads were removed from the analyses 
yielding a final analysis sample of 183 dyads (M
age
 = 10.7 years, SD = .88, range: 8-13; 
95 boys and 88 girls). 
Participants were recruited via letters that were sent to a large number of Dutch 
primary schools. Two weeks later, schools were contacted to inquire whether they 
wanted to participate. Schools that wanted to participate were sent additional 
information via email, including a letter for parents. In this letter, parents were 
notified of the participation of their child’s school, given information about the study, 
and asked whether they allowed their child to participate or not. Teachers informed 
the researchers of the total number of participants and provided a list with names of 
the children whose parents gave consent for participation.
Measures
Sociometric Questionnaire. The sociometric questionnaire began with demographic 
questions (sex, birth date, parents’ nationality, language(s) spoken at home), followed 
by standard sociometric questions for likeability (“Who do you like most/least?”) 
and popularity (“Who is most/least popular?”). This questionnaire also included a 
likeability rating (“How much do you like this classmate?”), in which children were 
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asked to rate each classmate on a 6-point Likert scale, ranging from 1: ‘dislike a lot’ to 
6: ‘like a lot’. To make the questionnaire anonymous, children received a roster with 
the names of their classmates preceded by a code number. Children were asked to 
use the code numbers when nominating peers, not names.
In the classroom, each child was handed a questionnaire and a list with names and 
numbers. Next, the researcher explained how to fill in the questionnaire; children 
were instructed not to use names, that they could nominate an unlimited number of 
classmates and that they could not nominate themselves. When finished, the children 
could either color a drawing on the back of the questionnaire or work on something 
else. After completing the questionnaire, the researcher collected the questionnaire 
and the list with names.
Sociometric Status. SocStat (Thissen-Pennings & Bendermacher, 2002) was used to 
analyze the data obtained with the sociometric questionnaire. First, it counts how 
many nominations an individual received for each item. Next, it transforms this 
number into a standard z score, specific to the class the individual belongs to. In the 
present study, we used composite scores for popularity, derived from the questions 
“Who are most/least popular?” and peer acceptance, derived from the questions 
“Who do you like most/least?”. This means that z scores were based on the number 
of positive nominations received minus the number of negative nominations received 
(Mayeux, Houser, & Dyches, 2011).
To determine the popularity and acceptance of the dyad, two calculations were 
performed. First, average dyadic popularity was computed by taking the average 
of both individuals’ composite popularity scores. Second, dyadic difference scores 
for popularity were calculated by taking the absolute difference between both the 
popularity scores of both dyad members. For peer acceptance, dyadic average and 
dyadic difference scores were computed in the same way. In addition, dyadic likeability 
scores were computed by taking the average and difference of the individual likeability 
ratings of the dyad members.
Nintendo Wii Balance Boards. Two Nintendo Wii Balance Boards (WBBs; Nintendo, 
Kyoto, Japan) were used to record the postural sway of each dyad member 
simultaneously. Previous research has shown that the WBB is an inexpensive and 
more easily moveable alternative to the more expensive and less portable force 
platforms used in clinical settings, while still being a reliable device for measuring 
postural sway (Clark et al., 2010; Clark, McGough, & Paterson, 2011). For the data 
collection, a custom-made Microsoft Windows-based program for dual WBB recording 
(Voogt, TSG-FSW, Radboud University, The Netherlands) was used with a sampling 
rate of 100 Hz. The recorded measures included the medial-lateral (X-axis) and 
anterior-posterior (Y-axis) direction of sway. In line with previous studies (Koslucher 
et al., 2012; Stoffregen, Chen, Varlet, Alcantara, & Bardy, 2013), we did not filter the 
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data, since we believe that noise is also part of a system’s behavior and filtering could 
remove potentially interesting data.
Tangram Task. Figure 1 presents an example of a tangram puzzle. A tangram puzzle 
consists of seven pieces that can form all sorts of figures. We used three sets of 
puzzles containing 18 different puzzles each (i.e., 54 different puzzles in total). The 
figures were printed in black on A4 paper and the children were asked to lay the 
pieces on top of the figure in order to recreate the figure.
 
FIGURE 1   Example of a tangram puzzle.
In the week(s) following the sociometric questionnaire, the dyadic part (i.e., the 
tangram task) took place. Children were randomly assigned to same-sex dyads. 
Upon entering the room, which was assigned to the experimenter by the school 
(e.g., an unused office), the children were instructed to step onto their Wii Balance 
Board1 (see Fig. 2 for a birds-eye view of the experimental setup). Here, the WBBs 
were placed approximately 70 centimeters apart. First, they were given information 
about the experiment, including the presentation of an example tangram puzzle and 
a demonstration on how to complete the puzzles. If there were no questions and the 
children were ready, the experiment began.
 1   Note that the data collected with the Wii Balance Boards from the individual tasks will be 
discussed in another paper. Here, we only focus on the cooperative task.
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FIGURE 2    Birds-eye view of the experimental setup, showing the children standing on their individual 
Wii Balance Board, facing the table on which the puzzle and puzzle pieces are placed. The 
arrows indicate the direction of sway.
In the first part of the experiment, the children had 10 minutes to recreate as many 
tangram puzzles as possible, with the number of puzzles correct being used as 
individual task 1 score. Each child was presented with his or her own set of puzzle 
pieces and a set of tangram puzzles. Each set contained different figures, so peaking 
was of no use. Although they were asked to perform as best as they could, it was not 
meant to be a competition. The children were asked to notify the researcher when they 
had finished a puzzle. If they did this correctly, they were allowed to continue with the 
next puzzle, otherwise they had to keep trying. Only when a child had made many 
unsuccessful attempts, he or she was allowed to skip that puzzle. After 10 minutes, 
the children were prompted to stop and step of their WBB.
For the second part, the researcher moved the WBBs closer to each other, approximately 
10 centimeters apart, and the children were again asked to step on their WBB. One 
set of puzzle pieces was removed from the table and the dyad was presented with 
one new set of tangram puzzles. Again, the goal was to recreate as many puzzles 
as possible within 10 minutes, but this time the children could cooperate, with the 
number of puzzles correct being used as the cooperative task score. Everything else 
was similar to the first part. Note that we decided to have the children perform the 
task while standing next to each other. This way, both children saw the puzzle from the 
same direction. Furthermore, this set-up allowed studying interpersonal synchrony in 
the context of standing next to each other. 
2
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Finally, the children were asked to perform the task alone once more, exactly as in the 
first part. Here, the number of puzzles correct was used as individual task 2 score. 
After this part, the experiment was finished. As a token of gratitude, the children were 
given a small present for their participation (e.g., a pen or eraser).
Data Preparation
Interpersonal Synchrony. Concerning interpersonal synchronization, there are two 
possible directions in which it can occur. The first is in-phase synchrony, that is, 
movement in the same direction (stable 0° relative phase; see Fig. 3A). In the present 
investigation, this would entail both children swaying in the same direction. To 
examine this, we performed CRQA (method discussed in the next paragraph) on the 
time-series in their original format. The second possibility is anti-phase synchrony, 
that is, synchronized movement in the opposite direction (stable 180° relative phase; 
see Fig. 3B). More specific for the present study, this occurs when both children either 
move in exactly the opposite direction, that is, either towards each other/the task or 
away from each other/the task. In-phase synchrony may be observed when children 
take turns at solving the puzzle, moving like the pendulums in Figure 3A. However, if 
the children are both working on the puzzle, anti-phase synchrony may be observed, 
thus moving like the pendulums in Figure 3B. As it was unclearing what to expect, 
and both directions of synchrony were possibilities in the present investigation, 
we decided to examine both. To examine this, we performed CRQA on one original 
time-series and one flipped time-series: all values of the original time-series were 
multiplied by -1. This way, values that were (perfectly) out of sync became (perfectly) 
in-sync. However, this is not to say that we only examined perfect in- and anti-phase 
synchrony. Perfect synchrony is rarely observed in behavior, and as we mentioned in 
the Method section, we chose a recurrence rate of 5%. Thus, in order to get to this 5% 
rate, small deviations from perfect synchrony were allowed.  
 
FIGURE 3   In-phase (A) and anti-phase (B) synchrony.
A B
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Cross Recurrence Quantification Analysis. Data reduction was first performed on the 
original data. The reason for this was that the available memory of the computer used 
for the analyses was insufficient. The original sampling rate was 100 Hz, which we 
down sampled to 5 Hz, resulting in time series of approximately 3,000 data points per 
dyad. The postural sway data, collected with the WBBs, were analyzed with the use 
of Cross Recurrence Quantification Analysis (CRQA). This method is especially useful 
for the study of interpersonal synchrony, as it can detect and quantify occurrences of 
synchronization over time (Shockley, 2005).
To perform CRQA analyses, the shared phase space of the dyadic time series was 
reconstructed using the method of time-delayed embedding (Takens, 1981). To 
determine an appropriate delay, the Average Mutual Information (AMI) was calculated 
over increasing time lags. The time lag where the first local minimum (hence, the point 
where the time series reveal an optimum amount of unique information) appeared 
was chosen for the reconstruction (40 data points). Next, the embedding dimension 
(5) was determined by a first local minimum of False Nearest Neighbors (FNN; cf., 
Riley et al., 1999). The radius (i.e., the area in the shared phase space where revisiting 
trajectories are considered recurrent) was allowed to vary within each dyad, so 
that the recurrence rate within each dyad was exactly 5% (cf. Wijnants, Bosman, 
Hasselman, Cox, & Van Orden, 2009). These parameters were used to optimize the 
reconstruction. However, as Riley, Balasubramaniam, and Turvey (1999) stated, for 
recurrence analyses on postural sway data, the choices for time lag and embedding 
dimension are not crucial.
The resulting measures included percent determinism (%DET), the number of 
recurrent points forming a line of at least two recurrent states (i.e., the predictability 
of the pattern), meanline (MEAN), the average diagonal line length of recurrent points 
(i.e., the average time in sync), entropy (ENT), the Shannon entropy as a measure of 
the complexity of shared activity, and the radius that yielded a recurrence rate of 5% 
(Shockley et al., 2003). The CRQA analyses were performed in MATLAB® (Mathworks 
Inc., 2012) with the use of the Cross Recurrence Plot (CRP) Toolbox (http://tocsy.pik-
potsdam.de; Marwan, Romano, Thiel, & Kurths, 2007). 
Surrogate Analysis. To reassure that the measures obtained from the CRQA analyses 
are dyad specific, and not obtained by chance, we performed two surrogate analyses 
to check for this. First, we compared the CRQA results from the real dyads with those 
from dyads in which the original postural sway time series of one of the members of a 
dyad was coupled with the randomized time series of the other member of the dyad. 
Figures 4 and 5 show these time series and the accompanying CRPs. In a CRP, one 
time series is plotted on the X-axis and one on the Y-axis and when there is synchrony, 
a dot is placed on that coordinate. An independent samples t-test was performed to 
check for differences between %DET of the real and shuffled dyads. %DET of the real 
dyads was significantly higher (M = .80, SE = .005), than that of the shuffled dyads 
2
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(M = .18, SE = .005), t(362) = 93.15, p <	.001, d = 9.79, indicating that the time series 
of the real dyads were considerably more synchronous than time series that have lost 
their temporal structure.
 
FIGURE 4   Time series (upper) and Cross Recurrence Plot (lower) of a real dyad.
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FIGURE 5    Time series (upper) and Cross Recurrence Plot (lower) of a shuffled dyad (black is the original 
time series).
As a second check, we compared the results of the real dyads (i.e., real interactions) 
with those of virtual dyads (i.e., pseudo interactions). This method has been 
suggested by, for example, Bernieri and Rosenthal (1991). Figure 6 shows the CRP 
for these time series. Here, we paired members of two different dyads, resulting in 
dyads of which the members did not actually cooperate. To make these dyads as 
comparable as possible, we paired one member who was positioned on the left WBB 
with a member who was positioned on the right WBB and both members had to be 
from the same class. Furthermore, for the CRQA analyses on the virtual dyads we 
used the same radius that yielded a recurrence rate of 5% in the real dyads. Next, we 
performed an independent samples t test to check whether %DET differed between 
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real and virtual dyads. Here, %DET was also significantly higher for the real dyads 
(M = .80, SE = .005) than for the virtual dyads (M = .68, SE = .01), t(265.66) = 11.21, 
p < .001, d = 1.38. This test indicates that the results are dyad specific, not merely the 
result of the task constraints.
 
 
FIGURE 6    Time series (upper) and Cross Recurrence Plot (lower) of a virtual dyad (black is the original 
time series).
Results
First, we examined changes in cognitive performance and social factors between 
the individual tasks and cooperative task. We also examined how these factors 
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were correlated. Second, we examined how cognitive performance was related to 
interpersonal synchrony. And third, we examined how social factors were related to 
interpersonal synchrony.
Cognitive Performance and Social Factors
Table 1 presents the descriptive statistics of individual social acceptance, popularity, 
and cooperative task scores (i.e., tangram task). Furthermore, the dyadic cooperative 
task score is presented, as well as the dyadic means and differences for social 
acceptance, popularity, and likeability. Table 1 only contains those individuals who 
were in a dyad that was eligible for inclusion in the analyses, thus the number of 
individuals is lower than the total number that participated in this study.
TABLE 1   Descriptive Statistics of Individual and Dyadic Research Variables.
First, independent samples t tests were performed to examine differences between 
the cooperative and individual tasks. The results showed that cooperative scores 
were significantly higher than scores on individual task 1, t(331.14) = -15.38, p < .001, 
d = -1.69, and individual task 2, t(545) = 6.48, p < .001, d = .56. Scores on individual 
task 2 were significantly higher than those on individual task 1, t(672.88) = -8.68, 
p < .001, d = -.67. Thus, the highest scores were obtained when cooperating and there 
was a significant increase in the number of puzzles solved between the individual 
tasks, confirming the hypothesis that dyads perform better than individuals and that 
individuals performed better over time.
N M SD Minimum Maximum
Individual
Individual task 1 366 5.73 2.29 0 14
Individual task 2 364 7.47 3.06 0 16
Social acceptance 366 -.03 1.00 -3.28 2.15
Popularity 366 .02 1.02 -3.08 2.81
Dyadic
Cooperative task 183 9.17 2.56 5 15
Popularity
Difference 183 1.16 .92 0 5.19
Average 183 .02 .71 -2.20 1.76
Social acceptance
Difference 183 1.01 .86 .00 4.20
Average 183 -.03 .75 -2.55 1.78
Dyadic likeability
Difference 179 .88 1.01 0 4
Average 179 4.77 1.02 1 6
2
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Pearson correlations were calculated to examine the associations between test scores 
and acceptance, popularity, and likeability. Table 2 shows the results for individuals 
and dyads. There were no significant associations between cognitive scores and any 
of the social measures, except for a small positive correlation between individual task 
1 scores and individual social acceptance.
TABLE 2   Correlations of Individual and Cooperative Task Scores with Social Factors.
Note. * p < .05
 
Cognitive Performance, Social Factors, and Synchronization
First, the associations between the dyadic measures of cognitive performance (i.e., 
cooperative task score) and social factors (i.e., acceptance, popularity, and likeability) 
and the measures of interpersonal synchrony of postural sway, both in- and anti-
phase, were examined. As Table 3 shows, there were significant negative correlations 
between the cooperative task scores in both the in- and anti-phase measures of 
interpersonal synchrony in the side-to-side sway (X-axis). Thus, less synchronized 
dyads performed better than more synchronized dyads, being it either in the same or 
opposite direction.
TABLE 3    Correlations Between Dyadic Cognitive Performance and Measures of Interpersonal Synchrony of 
Postural Sway. 
Individual Task 1 Cooperative Task Individual Task 2
Individual
Social acceptance .11* - .04
Popularity < .01 - < .01
Dyadic
Popularity
Difference - -.05 -
Average - -.03 -
Social acceptance
Difference - -.03 -
Average - .06 -
Dyadic likeability
Difference - < .001 -
Average - -.02 -
In-phase (N = 182) Anti-phase (N = 181)
X-axis Y-axis X-axis Y-axis
%DET MEAN ENT %DET MEAN ENT %DET MEAN ENT %DET MEAN ENT
Performance -.22** -.19* -.22** -.16** -.09 -.13 -.24** -.20** -.24** -.16* -.11 -.13
Note. * p < .05, ** p < .01   
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Concerning the front-to-back sway (Y-axis), there were significant positive correlations 
between the average popularity of the dyads and both the in-phase and anti-phase 
synchrony measures (see Table 4). Thus, dyads who were on average more popular 
showed significantly higher levels of interpersonal synchrony in both the in-phase 
and anti-phase front-to-back sway patterns. In other words, on average more popular 
dyads synchronized more in the same and in the opposite direction. Social acceptance 
and likeability scores were not significantly correlated with any of the measures of 
postural sway. In sum, the results showed that lower levels of in- and anti-phase 
interpersonal synchrony were observed in better performing dyads and higher levels 
of in- and anti-phase interpersonal synchrony were observed in dyads that were on 
average more popular.
TABLE 4    Correlations Between Dyadic Social Factors and Measures of Interpersonal Synchrony of Postural 
Sway.         
   
 
Note. * p < .05
Discussion
The goal of this study was to examine interpersonal synchrony of postural sway during 
cooperation and its association with task performance and social factors (acceptance, 
popularity, and likeability). The results showed a negative association between 
cognitive task performance and interpersonal synchrony on the X-axis, as well as 
a positive association between the average popularity of a dyad and interpersonal 
synchrony on the Y-axis. In both cases, the results were found in both the in- and anti-
phase measures of interpersonal synchrony. No significant associations were found 
between interpersonal synchrony and social acceptance or dyadic likeability.
In-phase (N = 182) Anti-phase (N = 181)
X-axis Y-axis X-axis Y-axis
%DET MEAN ENT %DET MEAN ENT %DET MEAN ENT %DET MEAN ENT
Popularity 
Difference -.04 .01 -.03 .06 .11 .09 -.01 .07 .03 .03 .04 .04
Average .03 .04 .06 .12 .16* .15* .06 .08 .09 .12 .16* .15*
Social acceptance
Difference .02 < .01 .01 .01 .02 .01 .01 .03 .02 .01 .01 .01
Average .04 < -.01 .02 .05 .03 .02 .03 -.02 .01 .04 -.01 < .01
Dyadic likeability
Difference -.08 -.05 -.09 -.09 -.06 -.07 -.08 -.03 -.06 -.11 -.09 -.09
Average .07 < -.01 .05 < -.01 .03 .02 .07 -.03 .01 .03 .07 .06
2
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The results for task performance correspond with previous research, which also 
showed that working together could lead to better task performance than working 
individually (e.g., Blaye, Light, Joiner, & Sheldon, 1991; Hooper, 1992; Hooper, 
Temiyakarn, & Williams, 1993; Johnson & Johnson, 1999; Johnson, Johnson, & Skon, 
1979; Johnson, Maruyama, Johnson, Nelson, & Skon, 1981; Roseth, Johnson, & 
Johnson, 2008). When working together, dyads can discuss, elaborate, and challenge 
ideas, which is not possible when working alone (Johnson & Johnson, 1999). Social 
factors, however, were unrelated to task performance when either working alone 
or cooperating. A potential explanation is that in cooperative learning students 
might build more positive peer relationships as a result of interacting during the 
task (Roseth et al., 2008). Thus, performance may be less related to predetermined 
social factors, such as popularity, acceptance, and likeability, but more so to social 
interactions taking place while actually cooperating. An additional explanation is 
that social relationships are quite robust and unaffected by task performance (Hinde, 
1976) or that individuals do not judge each other on reputation, such as popularity or 
social acceptance, but on their merits (Slavin & Cooper, 1999).
We showed that more interpersonal synchrony does not necessarily mean better 
task performance. This may seem surprising considering previous findings (e.g., 
Macrae et al., 2008; Miles et al., 2010). However, when standing next to each other, 
synchronizing may be inefficient. Abney, Paxton, Dale, and Kello (2015) also showed 
that more interpersonal synchrony does not always mean better task performance. 
In certain contexts, synchronizing may not be functional. They showed that, using a 
dyadic problem-solving task (i.e., participants had to build a tower as high as possible 
using marshmallows and raw spaghetti), weakly coupled (i.e., less synchronized) 
dyads performed best. This finding is in line with the results from the present study 
that less synchronized (i.e., weakly coupled) dyads performed better than more 
synchronized (i.e., strongly coupled) dyads. Thus, in certain contexts it may be more 
important to coordinate instead of synchronize with one another. Or, as Guastello 
(2016) stated, there may be “… a balance that needs to be identified for any given 
situation” (p. 54). In the present study, the children worked simultaneously on the 
task, such that they had to coordinate their movements in order to avoid collisions 
and at the same maintain working on the task. Thus, their movement patterns needed 
to be complementary (Richardson et al., 2015). The finding that less synchrony was 
associated with better task performance could be an indicator of more complementary 
coordinated movements, whereas synchronous movements would indicate more 
individual behavior (i.e., when one is working, the other gets out of the way) or less 
flexible behavior (i.e., both are simultaneously directed or not directed towards the 
task). 
We believe that it may sometimes be more important to coordinate than to 
synchronize, which is supported by Guastello and Guastello (1998). They stated that 
coordination may be learned implicitly next to learning a task explicitly. When relating 
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this to the results of the present study, we can hypothesize that the children explicitly 
learned the puzzle task while implicitly learning to coordinate their postural sway. The 
finding that better task performance correlates with less synchronized postural sway 
supports this hypothesis, since those dyads that performed best (i.e., better explicit 
learning) synchronized less, that is, coordinated better (i.e., better implicit learning). 
At first glance, it may seem odd that less interpersonal synchrony was observed in 
better performing dyads. Note, however, that according to Piaget’s theory (1959) 
conflict or competitive interactions, such as discussing, explaining, or challenging 
one another’s ideas, may lead to cognitive growth. If so, this may result in less 
interpersonal synchrony when working together. Support for this is provided by 
Paxton and Dale (2013), individuals who were engaging in argumentative interactions 
showed reduced levels of synchronized bodily movements. 
With respect to popularity, we showed that more popular dyads showed on average 
more interpersonal synchrony in the front-to-back direction for both the in- and anti-
phase synchrony levels. Perhaps popular children are more prosocially skilled than 
unpopular children (Newcomb, Bukowski, & Pattee, 1993). In addition, previous 
research has shown that prosociality is related to measures of dyadic synchrony, for 
example between mother and child (Lindsey, Colwell, Frabutt, Campbell Chambers, 
& MacKinnon-Lewis, 2008). Thus, the higher observed interpersonal synchrony in 
on average more popular dyads may be the result of the higher levels of prosocial 
behavior of the dyad.
Additional research should further examine the linkages between task performance, 
social factors and interpersonal synchrony in relation to cooperative learning. 
Although we provided new insights into the working mechanism of interpersonal 
synchrony in cooperative learning situations, many questions still remain. For 
example, are similar results observed when participants are facing each other instead 
of standing next to one another? In previous research, participants stood behind or in 
front of one another, instead of next to each other (e.g., Shockley, Santana, & Fowler, 
2003). Synchronizing with the person in front of you may be easier than with someone 
standing next to you, as there is more visual information available about what the 
other person is doing. However, in the present study, children may not have been able 
to synchronize their movements, as the task could cause them to be in each other’s 
way. Thus, the task may have provided a physical boundary which may have made it 
more difficult to synchronize with one another. Another question that future studies 
may address is whether speech is related to postural sway, and if so, if (and how) this 
changes the results of the present study.
Gaining more insight into these mechanisms and their correlates can further develop 
theory about cooperative learning, which in turn may lead to new insights in how to 
structure cooperative learning tasks, for example in schools, in order to increase the 
2
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potential for students to reach higher levels of academic achievement. In a follow-up 
study, we will examine a group of children with developmental disabilities and we will 
relate these findings to the ones of the present study. This way, we hope to provide a 
more complete picture of how interpersonal synchrony is related to task performance 
and if, and how, this differs between different groups of children.
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Abstract
Children with a neurodevelopmental disorder, such as autism, ADHD and dyslexia, 
often experience learning problems. However, many of them also experience 
problems with postural control. One potential explanation is that this is the result of a 
deficit in the cerebellum, which may result in a timing deficit. In the present study, we 
examined one such timing mechanism, namely the synchronization or coordination 
of postural sway. In a cooperative task, postural sway of both typically developing 
dyads and those consisting of children with a neurodevelopmental disorder was 
obtained. While performing the task, the children stood on a Nintendo Wii Balance 
Board that recorded their postural sway. The level of synchronization or coordination 
of postural sway in the dyads was analyzed using Cross Recurrence Quantification 
Analysis and subsequently subject to a Multilevel Regression Analysis. Our results 
showed, as expected, that typically developing children outperformed children with a 
neurodevelopmental disorder in the cooperative task. However, both groups showed 
similar coordination of postural sway. Thus, although the outcome is different, the 
underlying process appears to be similar for both groups.
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Cooperating is beneficial to task performance if there is proper coordination between 
the two individuals who work together (Abney, Paxton, Dale, & Kello, 2015; Vink, 
Wijnants, Cillessen, & Bosman, 2017). This coordination can be examined through 
measures of bodily movements, for example, overall body movement (Abney et 
al., 2015) or postural sway (Vink et al., 2017). The work by Vink et al. revealed that 
children in regular primary education that benefitted from cooperation are less 
synchronized, but show more coordinated bodily movement. It thus seems that 
there is a relationship between bodily coordinated movement and cooperative task 
performance. This finding raises the question whether this relationship between 
coordination and cooperative task performance is different in children with learning 
difficulties. 
Almost all children with neurodevelopmental disorders (i.e., Intellectual Disabilities, 
Communication Disorders, Autism Spectrum Disorder, Attention-Deficit/
Hyperactivity Disorder, Specific Learning Disorder, and Motor Disorders; DSM-5, 
American Psychiatric Association, 2013) not only suffer from learning difficulties, but 
also from motor control problems (Pettersson, Anckarsäter, Gillberg, & Lichtenstein, 
2013).
Children with autism, for example, often have poorer postural control than typically 
developing children (Kohen-Raz, Volkmar, & Cohen, 1999). This may be the result of 
difficulties with the integration of sensory input (Molloy, Dietrich, & Bhattacharya, 
2003). Such difficulties can affect movement perception, which in turn may explain 
why children with autism also have difficulty with, for example, the recognition of 
facial expressions. Molloy et al. (2003) showed that when visual information was 
unavailable (i.e., children were blindfolded), postural sway increased significantly 
more in children with autism than in children without. Furthermore, changes in 
somatosensory information (i.e., standing on a foam platform instead of a solid one) 
can also lead to more difficulty in maintaining balance. Note that visual information 
appeared to be the most important. 
Postural control in individuals with dyslexia also appears to be poorer than in 
controls (Patel, Magnusson, Lush, Gomez, & Fransson, 2010). On the one hand, a 
potential explanation for this is that children with dyslexia have an automatization 
deficit, since balance is affected only under dual-task conditions (e.g., balancing and 
performing a reaction task at the same time), but not when only the balance task 
was administered (Nicolson & Fawcett, 1999; Nicolson, Fawcett, & Dean, 2001). On 
the other hand, Rochelle, Witton, and Talcott (2009) believe that the poorer postural 
control is due to ADHD-comorbidity symptoms, because they found that when 
controlling for effects of hyperactivity symptoms postural control and dyslexia were 
no longer related. Stoodley, Fawcett, Nicolson, and Stein (2005), however, found no 
evidence to support this interpretation. 
3
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For more examples of postural control problems in individuals with neurodevelopmental 
disorders see for Intellectual Disabilities (Blomqvist, Olsson, Wallin, Wester, & Rehn, 
2013; Lee, Lee, & Song, 2016); Communication Disorders (Derlich, Kreçisz, & Kuczynski, 
2011); Autism Spectrum Disorder (Moe-Nilssen, Helbostad, Talcott, & Toennessen, 
2003; Chang, Wade, Stoffregen, Hsu, & Pan, 2010); Attention-Deficit/Hyperactivity 
Disorder (Hove, Zeffiro, Biederman, Schmahmann, & Valera, 2015); Specific Learning 
Disorders (Brookes, Tinkler, Nicolson, & Fawcett, 2010); and Motor Disorders (Chen, 
Tsai, Stoffregen, & Wade, 2011; Lemay et al., 2007; Tsai, Pan, Cherng, & Wu 2009). 
A potential explanation for the observation that postural control can be affected in 
all aforementioned disorders is a deficit in the cerebellum. Nicolson and Fawcett’s 
(1999) cerebellar impairment theory describes that this deficit can partially explain 
the observed difficulties under dual-task conditions in children with dyslexia. The 
cerebellum is involved in the integration of sensorimotor information and balance 
control (Hove et al. 2015). Note that in individuals with tic disorders, for example, it 
is not the cerebellum but the basal ganglia that are a potential source of postural-
control difficulties observed in these individuals (Lemay et al., 2007). Ivry and 
Spencer (2004) showed that the cerebellum and the basal ganglia are both involved 
in timing. Yap and van der Leij (1994) suggested that, in general, “impairments of a 
precise timing mechanism may cause problems in automatic processing in a variety 
of skill domains” (p. 664). In addition, Goswami (2011) proposed that for dyslexics the 
brain might be “in tune but out of time” (p. 8). Thus, the postural control difficulties 
observed in individuals with neurodevelopmental disorders may be the result of an 
affected timing mechanism.
One such timing mechanism may be the ability to synchronize or coordinate 
movements. Intrapersonal synchrony is the coordinated interaction in an individual’s 
bodily movements (Ramenzoni, Davis, Riley, Shockley, & Baker, 2011). This is what 
appears to be diminished in some children with neurodevelopmental disorders such 
as those discussed above. When a dual-task was presented, these children showed 
increased postural sway (e.g., Nicolson & Fawcett, 1999), indicating that they were 
less capable of coordinating their body movements in synchrony with environmental 
requirements (e.g., performing a cognitive task). One could therefore hypothesize that 
children with neurodevelopmental disorders have more difficulty with synchronizing 
their intrapersonal behavior from different modalities. Performing a task and 
synchronizing postural sway at the same time appears to be hampered in children 
with neurodevelopmental disorders. Typically developing children did not show an 
increase in postural sway when performing a dual-task (Nicolson & Fawcett, 1999).
Interpersonal synchrony is defined as doing the same thing at about the same time 
with someone (or something) else (Louwerse, Dale, Bard, & Jeuniaux, 2012). This 
definition includes both a temporal and a spatial aspect. If the temporal aspect 
is not present, then the observed behavior is a form of imitation. However, if the 
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spatial aspect is absent, it is coordination that is observed. One finding concerning 
interpersonal synchrony relevant for the present study is its relation to cognition (i.e., 
task performance). Macrae, Duffy, Miles, and Lawrence (2008), for example, showed 
that when individuals were more in sync, they had better memory of what happened 
during the interaction. When the experimenter and the participant had stepped in 
sync during the task, they remembered more words that were presented during the 
task than when the experimenter stepped out of sync with the participant. Thus, a 
higher level of interpersonal synchrony was related to better memory.
However, more synchrony is not necessarily always better. At least two studies have 
shown that in certain tasks being in-sync may be detrimental to task performance. 
Abney, Paxton, Dale, and Kello (2015) had participants perform a dyadic problem-
solving task. In this task, the goal was to build a tower as high as possible using 
spaghetti and marshmallows, with one participant being in control of the spaghetti 
and the other the marshmallows. Abney et al. found that dyads that were weakly 
coupled (i.e., less synchronized) performed best. Vink, Wijnants, Cillessen, and 
Bosman (2017) found similar results, when they asked children to solve tangram 
puzzles together; children performed better when their postural sway was less 
synchronized. In both studies, the authors concluded that it might be coordination 
that drives the interaction, not synchronization. 
The studies by Abney et al. (2015) and Vink et al. (2017) used a cooperative task. 
Previous research has shown that cooperation can have a positive effect on the 
outcome of the task. For example, Fawcett and Garton (2005) and Underwood, 
McCaffrey, and Underwood (1990) showed that the best results were obtained when 
cooperating, as opposed to working alone. Furthermore, cooperating can have a 
retention effect as well, meaning that participants perform better on an individual 
task after they have cooperated with someone else (Johnson & Johnson, 1989, in 
Johnson & Johnson, 1996). Interestingly, cooperative learning can be an effective 
learning strategy for both children with and without a neurodevelopmental disorder, 
as long as certain requirements are fulfilled: there has to be positive interdependence, 
individual accountability, children have to be trained in collaborative skills, and the 
effectiveness of the group work has to be processed (Johnson & Johnson, 1996).
Present Study
In the present study, we set out to examine cooperative behavior in children with 
and without a neurodevelopmental disorder. Three questions will be investigated: 
1) is there a difference in task performance between groups? 2) does the level of 
interpersonal synchrony differ between groups? and 3) are interpersonal synchrony 
and task performance similarly or differently related in these groups? Based on the 
literature, we expected children without a neurodevelopmental disorder to outperform 
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their peers with a neurodevelopmental disorder and also that, due to the observed 
difficulties with postural sway in children with a neurodevelopmental disorder, that 
they would show differences in interpersonal synchrony as compared to their peers 
without a neurodevelopmental disorder. 
Unlike most studies, we decided to study interpersonal synchrony in a naturalistic 
setting, that is, in a school context with only a minimal number of task restrictions. 
Previous studies investigated interpersonal synchrony under strict experimental 
control or with the use of a confederate, thus limiting the generalizability of their 
results to real-life settings (e.g., Hove & Risen, 2009; Macrae et al., 2008; Riley, Baker, 
& Schmit, 2003; Stoffregen, Hove, Bardy, Riley, & Bonnet, 2007). 
Method
Participants
The group of children without neurodevelopmental problems consisted of 183 dyads 
(M
age
 = 10;8 years, SD = 1;00, range: 8-13, 95 boys and 88 girls)1 and the group of 
children attending special primary education consisted of 106 dyads (M
age
 = 10;10, 
SD = 1;3, range: 8 – 13; 74 boys and 32 girls). These children were randomly assigned to 
a same-sex dyad. In addition, these dyads always consisted of two members from the 
same classroom. In the Netherlands, inclusive education is not yet fully implemented. 
A large group of children with special needs are referred to special primary education. 
They do not necessarily have an official DSM diagnosis (although many of them do), 
but all of them show behavior that is reminiscent of a developmental disorder. Due to 
the large diversity within this group, it is difficult to draw conclusions about each of the 
disorders that are present. Therefore, we chose to look at this group as a whole, as a 
group of children with a developmental disorder (i.e., the commonality) and how this 
group (as a whole) differs from its typically developing counterpart. Thus, we will not 
discuss developmental disorders separately.
Letters were sent to schools to request their participation in the present study. About 
two weeks after sending these letters, schools were contacted by phone to enquire 
about their decision. If a school agreed to participate they were sent additional 
information, including a letter for the children’s parents. In this letter, parents were 
informed about their school’s decision to participate, given information about 
the study, and asked for their consent for their child’s participation. The teachers 
provided the researchers with the names of the children who were given permission 
to participate in the study. 
1   This group was drawn from the study by Vink et al. (2017). See Chapter 2 for more details.
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Materials and Procedure  
Nintendo Wii Balance Boards. To record the postural sway of both dyad members, two 
Nintendo Wii Balance Boards (WBBs; Nintendo, Kyoto, Japan) were used. Clark et al. 
(2010) and Clark, McGough, and Paterson (2011) showed that the WBB is a reliable, 
easily moveable, and inexpensive alternative to the less portable and more expensive 
force platforms often used in clinical settings. For the present study, a custom-made 
Windows-based program was used to record both WBBs simultaneously (Voogt, TSG-
FSW, Radboud University, The Netherlands). The sampling rate was set at 100 Hz and 
the collected data provided information about postural sway in both the medial-
lateral (X-axis) and anterior-posterior (Y-axis) direction. 
Tangram task. A tangram puzzle consists of seven pieces: two large triangles, one 
medium triangle, two small triangles, a square and a rhomboid (see Figure 1). With 
these pieces, all kinds of figures can be formed. Three sets of tangram puzzles (A, 
B and C) were used for the present study. Sets A and C were used for the individual 
tasks (interchanged between the individuals of a dyad across the pre- and posttest), 
while B was used for the cooperative part of the study. The to be created figures were 
printed on A4 paper, on which the children had to lay the tangram pieces to recreate 
the printed figure.
 
FIGURE 1   Tangram puzzle pieces.
Before performing the tangram task, children were randomly assigned to a same-sex 
dyad. The experiment took place in a room appointed by the school, depending on 
availability. First, the children were instructed to step on one of the two Nintendo 
Wii Balance Boards that were placed approximately 70 centimeters from one another. 
Next, the researcher gave instructions about the task. Children were told that it was no 
competition and to do the best they could. After the researcher showed how to solve 
an example tangram puzzle, the first part of the experiment began and the children 
had 10 minutes to recreate as many tangram puzzles as possible. During these 10 
minutes, they had to stay on the WBB. When a child finished a puzzle, the researcher 
3
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checked whether it was correct. If so, the child could continue to the next puzzle, 
otherwise (s)he had to keep trying. Only when children had made many unsuccessful 
attempts or became very frustrated were they allowed to skip that puzzle. After 10 
minutes, the researcher prompted the children to stop and step off of the WBB. The 
number of puzzles correctly recreated was the pretest score.
For the second part of the experiment the researcher placed the WBBs closer to each 
other, approximately 10 centimeters apart. Again, the children were asked to step 
on the WBB. For this part of the experiment, the children were given only one set of 
puzzle pieces and one set of tangram figures (set B). The task was identical to the first 
task, with the only difference that children were allowed to cooperate. The number of 
puzzles correctly recreated as a dyad was the cooperation score.
In the third part of the experiment, children again performed the task individually. 
Everything else was identical to the first part of the experiment. The number of 
puzzles correctly recreated was used as the posttest score. After finishing this part 
of the experiment, the children were given a small present (e.g., a pen or pencil) as a 
token of gratitude for their participation. 
Data Preparation
Cross Recurrence Quantification Analysis. Data reduction was first performed on the 
original data. The reason for this was that the available memory of the computer used 
for the analyses was insufficient. The original sampling rate was 100 Hz, which we 
down sampled to 5 Hz, resulting in time series of approximately 3,000 data points per 
dyad. Next, the X- and Y-scores were transformed into Displacement (Displ) scores2. 
Equation 1 shows how this was done:
Eq. 1      Displ
t
 =   (X
(t+1)
-X
t
)2 + (Y
(t+1)
-Y
t
)2
where X represents the raw medial-lateral measure and Y the anterior-posterior 
measure of postural sway.
2   In reanalyzing the data of Vink et al. (2017), we chose to study a different measure of 
postural sway, namely Displacement (Displ) rather than X- and Y-axis measures that they 
used. The reason for this is that, when using the measure of displacement, movement 
on the X- and Y-axis is combined and thus makes the data coordinate-free. That is, due 
to the naturalistic setup of the experiment, the children sometimes moved their feet on 
the Wii Balance Board (which was specifically observed in the group of children with a 
neurodevelopmental disorder). This can potentially lead to spikes in the center of pressure 
time series. In turn, this can influence the observed level of interpersonal synchrony. By 
looking at the displacement, we were able to control for this potential source of error.
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The Cross Recurrence Quantification analyses (CRQA) on the Displ data were analyzed 
in MATLAB® (Mathworks Inc., 2012) with the use of the Cross Recurrence Plot (CRP) 
Toolbox (http://tocsy.pik-potsdam.de; Marwan, Romano, Thiel, & Kurths, 2007). This 
method is especially useful for the study of interpersonal synchrony, as it can detect 
and quantify occurrences of synchronization over time (Shockley, 2005). For a more 
detailed description of CRQA, see also Reuzel et al. (2013) and Wijnants, Hasselman, 
Cox, Bosman, and Van Orden (2012).
To perform CRQA analyses, the shared phase space of the dyadic time series was 
reconstructed using the method of time-delayed embedding (Takens, 1981). To 
determine an appropriate delay, the Average Mutual Information (AMI) was calculated 
over increasing time lags. The time lag where the first local minimum (hence, the point 
where the time series reveal an optimum amount of unique information) appeared 
was chosen for the reconstruction (5 data points). Next, the embedding dimension 
(7) was determined by a first local minimum of False Nearest Neighbors (FNN; cf., 
Riley, Balasubramaniam, & Turvey 1999). The radius (i.e., the area in the shared phase 
space where revisiting trajectories are considered recurrent) was allowed to vary 
within each dyad, so that the recurrence rate within each dyad was exactly 5% (cf. 
Wijnants, Bosman, Hasselman, Cox, & Van Orden, 2009). These parameters were used 
to optimize the reconstruction. However, as Riley et al. (1999) stated, for recurrence 
analyses on postural sway data, the choices for time lag and embedding dimension 
are not crucial.
The resulting measure relevant for the present study is entropy (ENT), the Shannon 
entropy as a measure of the complexity of shared activity (Shockley et al., 2003). The 
entropy measure in CRQA indicates the disorder in the distribution of the diagonal line 
lengths observed in reconstructed phase space (i.e., the disorder of the synchrony). 
When entropy is low, the diagonal lines are of similar length (more uniform, orderly). 
When entropy is high there is large variation in diagonal line lengths (more disorder). 
In addition, we acquired the measure for determinism (percentage of recurrent points 
that form a diagonal line). Because the results were largely comparable for these two 
measures, we chose to focus only on the results for ENT. However, we will interpret 
the results in relation to DET, since this provides a more complete image of what is 
going on. Note that, from here on forward, we will refer to ENT as ‘the disorder of the 
synchrony’ when interpreting the results.
Results
We first present the descriptive statistics of the study variables. Second, we present 
the results of the multilevel regression analyses. Here, we consider the effects of 
condition and group on the task scores.
3
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Descriptive Statistics
Table 1 presents the descriptive statistics of the study variables. We examined the 
correlations for both groups between task performance and the measure of entropy 
when they performed the cooperation task. For children attending regular primary 
education, there was a correlation of -.14 with entropy. For children attending special 
primary education, this correlation was -.13. In both cases, the correlation was non-
significant, indicating that task performance when cooperating was unrelated to the 
level of disorder of the synchrony within a dyad. However, since dyads consisted of 
two children, we decided to further examine how task performance and entropy were 
related by using multilevel analysis. 
  TABLE 1   Descriptive Statistics of Task Performance and Entropy for both Groups.
Multilevel Analysis
To gain more insight into the variables that affect task performance, we performed 
a multilevel regression analysis with the lme4 package in R (see Table 2; Bates, 
Maechler, Bolker, & Walker, 2015). Here, task performance was the dependent 
variable. The predictors were test (pretest, coop, posttest), group (regular, special), 
and entropy (pretest, coop, posttest). 
Regular Special
N M SD Min Max N M SD Min Max
Task performance
Pretest 366 5.73 2.29 0 14 210 3.96 1.91 0 9
Cooperation 183 9.17 2.55 5 15 106 6.75 1.81 3 13
Posttest 364 7.47 3.06 0 16 198 4.81 2.41 0 15
Entropy
Pretest 183 1.00 .22 .50 1.55 105 1.08 .24 .51 1.72
Cooperation 183 1.04 .20 .52 1.78 106 1.13 .19 .66 1.56
Posttest 182 1.03 .23 .42 1.72 99 1.09 .22 .65 1.67
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TABLE 2   Multilevel Regression Models for Entropy.     
 
Multilevel Regression Models for Entropy.
Model 1 Model 2 Model 3
b SE b SE b SE
FIXED PART
Intercepta 5.087*** 0.117 5.735*** 0.132 5.753*** 0.133
Test: Coop 3.197*** 0.106 3.440*** 0.132 3.395*** 0.134
Test: Post 1.397*** 0.114 1.721*** 0.139 1.704*** 0.141
Group: Special -1.768*** 0.218 -1.785*** 0.219
Test: Coop * Group: Special -0.662** 0.219 -0.548* 0.23
Test: Post * Group: Special -0.895*** 0.233 -0.902*** 0.236
Entropy 0.354 0.467
Test: Coop * Entropy: Coop -2.081** 0.67
Test: Post * Entropy: Post -0.371 0.649
Group: Special * Entropy -0.376 0.759
Test: Coop * Group: Special * Entropy: Coop 1.323 1.126
Test: Post * Group: Special * Entropy: Post 1.067 1.065
RANDOM PART
Level 1: Child
Intercept variance: Individual 0.266 0.27 0.269
Slope variance: Test within individual 0.134 0.13 0.131
Intercept-slope covariance 0.189 0.187 0.188
Level 2: Dyad
Intercept variance: Dyad 2.3 1.51 1.476
Slope variance: Test within dyad 0.082 0.041 0.038
Intercept-slope covariance 0.435 0.248 0.236
Residual variance 3.093 3.094 3.09
Deviance 7598.7 7501.2*** 7482.6*
Deviance difference 97.5 18.7
Degrees of freedom df = 3 df = 5
Chi2 best fit model 101.814 13.265
* p < .05, ** p < .01, *** p < .001
a The intercept represents: Test = Pre; Group = Regular.
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Model 1 consisted of the dependent variable task performance and the predictor 
condition. As can be seen in Table 2, there was a significant effect of Condition on 
Task Performance. Children performed significantly better when cooperating and on 
the posttest, compared to the pretest. In Model 2, the effect of Group was added, 
as was the interaction between Condition and Group. As shown in Table 2, children 
attending special primary education performed significantly worse than children 
attending regular primary education (effect of Group) and this was the case for all 
Conditions (pretest, coop, and posttest; effect of Condition x Group), meaning that 
the interaction was not significant. 
To further examine the potential contribution of entropy to task performance, the 
interactions between Condition and Entropy, Group and Entropy, and Condition, 
Group and Entropy were added. Thus, Model 3 was the most comprehensive model. 
As can be seen from the significant drop in deviance, this made for a better model. 
Looking at the fixed effects, there was a significant additional effect of entropy when 
cooperating. However, this effect did not differ between groups. Thus, independent of 
groups, better task performance when cooperating was predicted by less disorder in 
the synchrony of the dyadic postural sway patterns.
Discussion 
Three questions on the role of interpersonal synchrony and cooperation were raised. 
The first one was the issue of task performance differences between children with and 
without neurodevelopmental disorders. Scores on the tangram task of both groups 
in the cooperation condition and on the posttest were compared to those on the 
pretest. We hypothesized that individual children’s task performance would be better 
when cooperating and on the posttest than on the pretest. The results confirmed 
this hypothesis. This is consistent with previous research that has shown that in a 
cooperative task the best results are often obtained when cooperating (e.g., Fawcett 
& Garton, 2005; Underwood, McCaffrey, & Underwood, 1990) and that working 
together on a task can have a retention effect, in that individuals performed better on 
a task when they cooperated prior to the individual task (Johnson & Johnson, 1989, in 
Johnson & Johnson, 1996). Second, we hypothesized that children attending regular 
primary education would outperform children attending special primary education 
in all three conditions, since many of the children in the latter group (often) have 
learning difficulties as well. This hypothesis was also confirmed.
The second question concerned differences in the level of interpersonal synchrony. 
We used entropy, that is, the level of disorder, as a measure to assess interpersonal 
synchrony. No difference in level of entropy emerged between children with and 
without neurodevelopmental disorders in any of the three conditions. Thus, having 
a neurodevelopmental disorder did not affect the ability to synchronize with another 
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child. This seems to the suggest that the process of cooperating, measured by means 
of a bodily variable, is similar in children with and without neurodevelopmental 
disorders.
The third and focal point of this study was the potential differential nature of the 
relationship between interpersonal synchrony and task performance in children with 
and without neurodevelopmental disorders. Results revealed a significant effect 
of entropy (i.e., the level of disorder of the synchrony) on task performance when 
cooperating that was independent of group. Thus, in the group of children with as 
well as in those without neurodevelopmental disorders, less disorder in synchrony 
(and also a less deterministic structure of the synchrony) was related to better 
task performance when cooperating. In other words, better task performance was 
accompanied by shorter periods of synchronized postural sway (as indicated by 
the lower level of determinism) and more order in this synchronized movement (as 
indicated by the lower level of entropy). The fact that this was the case for both groups 
suggests that, although children in special education performed worse on a cognitive 
task, the underlying timing mechanism acted in a similar way. This is surprising, 
since research has shown that children with a neurodevelopmental disorder often 
experience movement (i.e., postural sway) problems as well, and one would expect 
this to lead to changes in the level of interpersonal synchrony as well. We showed that 
this was not the case when cooperating. 
In summary, children with a neurodevelopmental disorder and potentially comorbid 
postural sway disturbances did perform less than their typically developing peers, 
but their movement process (i.e., interpersonal synchronization) was similar. In 
addition, the fact that less disorder in synchrony predicted better task performance 
supports the view that in less restricted tasks where there is multifinality (i.e., more 
than one way of solving the problem) “diversification of action is likely to occur, and 
complementary forms of interaction will in many cases supersede synchronous kinds 
of interaction” (Wallot, Mitkidis, McGraw, & Roepstroff, 2016, p. 3).
As said, all children performed the task without restrictions, apart from being asked 
to stand on the Wii Balance Board. This is different from previous studies and to our 
knowledge no other study has taken this approach when analyzing postural sway. In 
general, participants in studies on postural sway are instructed to stand still in one 
place for a short amount of time (30 – 60 seconds; e.g., Riley et al., 2003; Stoffregen 
et al., 2007). Notwithstanding the significance of these studies, they do not shed light 
on how postural sway works in a real-life context. Interactions often last longer than 
30-60 seconds and movement is usually unrestricted. In addition, many studies on 
interpersonal synchrony have used a controlled experimental setup, for example by 
using confederates that purposefully do or do not synchronize with the participant 
(e.g., Hove & Risen, 2009; Macrae et al., 2008). However, in real-life this is not the 
case; synchronization occurs unintentionally. In a recent meta-analysis of research 
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on interpersonal synchrony and prosociality, Rennung and Göritz (2016) stated that 
research in more naturalistic settings and with populations other than students is 
required to further our understanding of this phenomenon. This is what we did in 
the present study. Note that, although their meta-analysis focused on prosociality 
and not task performance, we do believe this recommendation is valid for research 
in the entire domain of interpersonal synchrony. What we showed is that, indeed 
interpersonal synchrony is present, but that its relation to task performance is 
opposite to that of previous studies. Where for example Macrae et al. (2008) showed 
that more synchrony was related to better memory, we showed that in this more 
naturalistic setup less synchrony (i.e., more coordination) is better. Future research 
should investigate whether this is also the case in other naturalistic settings.
In addition to the naturalistic setup of the present study being different from previous 
studies, we are unaware of any study on interpersonal synchrony of this magnitude. 
In total, almost 600 children (i.e., 300 dyads) participated in the present study. Thus, 
this study was unique in more than one way and we hope that future research will 
continue to examine interpersonal synchrony in different populations in naturalistic 
settings.
In summary, the present study provides additional support for the idea that in 
certain (cooperative) tasks, it is better to coordinate than synchronize. In other 
words, sometimes coordination is more suitable for the task at hand, especially 
in the presence of multifinality (Wallot et al., 2016). In addition, and perhaps most 
importantly, we showed that although task performance differed between children 
attending regular and special primary education, the performance of both groups was 
influenced in the same way by the level of interpersonal synchrony (i.e., the level of 
disorder of the synchrony). Thus, on a more fundamental level both groups showed 
similar dynamical behavior, although the task outcomes were different. Future studies 
of children’s performance in naturalistic settings should examine other modalities 
than postural sway to investigate similarities and differences between dynamical 
processes of children with and without neurodevelopmental disorders.
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Does Competence Determine Who Leads 
in a Dyadic Cooperative Task?  
A Study of Children with and without a 
Neurodevelopmental Disorder
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Abstract
It has been shown that it matters for the success of cooperative learning how a dyad 
or group is constructed. Often, the ability level of the dyad or group members is used 
for this; a choice often based on Vygotsky’s (1978) zone of proximal development. 
However, other factors than ability level may also explain task performance. 
Therefore, in the current study we related leading and following behavior to task 
performance. Leading and following behavior were examined at a micro level, that 
is, we looked at rhythmical coordination of postural sway. In addition, we compared 
patterns of postural sway between typically developing children (n = 183) and children 
with a neurodevelopmental disorder (n = 106). The results showed that irrespective 
of task performance, there was a consistent pattern of leading and following in 
typically developing dyads: The higher-ability child was in the lead, independent 
of task performance. For children with a neurodevelopmental disorder the pattern 
differed depending on task performance: While the patterns of low-performing dyads 
were comparable to those of typically developing children, high-performing dyads 
showed the opposite pattern. This suggests that in interactions with children with a 
neurodevelopmental disorder it may be better to follow their lead, which may result in 
better performance on their part.
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According to Slavin (2014), cooperative learning refers to “teaching methods in which 
students work together in small groups to help each other learn academic content” 
(p. 785). Cooperative learning has been shown to be an effective learning method and 
is one of the most used educational methods in the world (Johnson & Johnson, 2009). 
A cooperative learning group consist of two or more individuals who work together 
towards a common goal and its success is to a large extent affected by positive 
interdependence, individual accountability, positive interactions, appropriate social 
skills, and group processing (for a more detailed description, see Johnson & Johnson, 
2009).
Cooperative dyads (or groups) in general outperform individuals (e.g., Dobao, 2012; 
Fawcett & Garton, 2005; Hooper, 1992; Johnson & Johnson, 1999; Roseth, Johnson, & 
Johnson, 2008). Johnson, Maruyama, Johnson, Nelson, and Skon (1981) reviewed 122 
studies on the effects of cooperative, competitive, and individualistic goal structures. 
They showed that cooperative groups performed better than competitive groups 
and individuals, with no difference in achievement between competitive groups and 
individuals. More recently, Roseth et al. (2008) conducted a similar meta-analysis, 
examining nearly 150 studies. They also found that cooperative goal structures were 
related to higher task performance than competitive or individual goal structures. In 
addition, they found an association between positive peer relations and cooperative 
goal structures.
Another factor that affects the outcome of cooperation is dyad composition. Vygotsky 
(1978), for example, stated that the ability level of the cooperating individuals 
is crucial, and that the determining factor for successful cooperation is that one 
individual is, or moves within, the other’s zone of proximal development (ZPD). 
Vygotsky defined the ZPD as “the distance between the actual developmental level as 
determined by independent problem solving and the level of potential development 
as determined through problem solving under adult guidance or in collaboration with 
more capable peers” (p. 86). Vygotsky believed that the ZPD is important for cognitive 
growth. A child who is learning within her or his ZPD can do things with the help of a 
more experienced person (peer or adult) that it was not (yet) able to do alone. Thus, 
for cooperative learning to be successful - from a Vygotskian point of view - there 
has to be active interaction (explaining and reasoning) between individuals who 
differ in levels of expertise. This in turn may result in intersubjectivity or a shared 
understanding through discussion of different viewpoints (Fawcett & Garton, 2005; 
Garton & Pratt, 2001).
Hooper (1992) examined the effect of the ability level of dyad members. In this study, 
homogeneous dyads consisted of two high ability or two average ability students, 
while heterogeneous dyads consisted of a high ability and an average ability student. 
Hooper (1992) found that homogeneous high ability dyads performed best, while 
average ability homogeneous dyads had the lowest achievement on the posttest.
4
521765-L-bw-Vink
Processed on: 8-8-2018 PDF page: 90
90 CHAPTER 4
Underwood, McCaffrey, and Underwood (1990) studied the effect of gender on task 
performance. They compared homogeneous (i.e., same-sex) and heterogeneous (i.e., 
mixed-sex) dyads. In their study, children performed a computerized missing letters 
task, in which they were asked to complete a text by filling in the missing letters. 
They did this three times: individually, together, and again individually. Underwood 
et al. showed that homogeneous dyads performed better together than they did 
individually, but this was not the case for heterogeneous dyads. The authors observed 
that homogeneous dyads worked by using discussion and agreement and showed 
more task sharing, whereas heterogeneous dyads cooperated by using instruction 
and showed more task demarcation (i.e., distribution of tasks among partners). Thus, 
homogeneous dyads appeared to cooperate, while heterogeneous dyads worked 
‘side-by-side’.
Neither Hooper (1992) nor Underwood et al. (1990) provided support for the 
importance of Vygotsky’s zone of proximal development. A potential explanation may 
be that task performance is not only determined by ability level, but by other factors 
as well. It should be noted that Vygotsky has often been interpreted incorrectly. 
Palincsar (1998) stated “One interesting and ironic characteristic of the construct of 
ZPD … is that … it is perhaps one of the most used and least understood constructs 
to appear in contemporary educational literature” (p. 370). It is often thought that 
having individuals of different levels of ability work together will in itself produce 
positive outcomes. However, the more skilled individual also has to be able to 
explain, or mediate, the correct procedure, for example. If the more skilled individual 
does not have this ability, he or she will be able to tell the less skilled individual the 
correct answer (e.g., 3 x 12 = 36), but not how to arrive at it (e.g., 3 x 10 = 30, 3 x 2 = 
6, and 30 + 6 = 36). Thus, more is needed than solely a more skilled individual. One 
important factor may be whether this individual takes the lead or follows the lead of 
the interaction partner.
Leading-Following Behavior
Being a leader or a follower has been related to academic achievement and peer 
evaluations. Dingel and Wei (2014) studied introductory sociology students who 
participated in an interdisciplinary project. In this project, they collaboratively wrote 
three papers in groups of four to six students. In the final week of class, students 
were presented with a survey, in which they were asked to indicate, among other 
things, whether they felt like a leader and a follower in their own group (both could be 
answered with yes or no). This was a holistic judgment, that is, students were asked 
to give an indication about how they felt in general, across the three papers (i.e., 
during the project). Thus, students gave a single indication of whether they felt like 
1) a leader, 2) a follower, 3) both a leader and a follower, or 4) neither a leader nor a 
follower. Dingel and Wei found that leaders received higher average final grades than 
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followers, and also received higher peer evaluations than followers. Peer evaluations 
were obtained by asking students to rate their peers on a behaviorally anchored nine-
point scale for ‘team citizenship’. Dunbar, Dingel, Dame, Winchip, and Petzold (2016) 
found similar results, showing that leaders had higher grades than followers, but also 
that leaders had higher social self-efficacy scores than followers. Thus, being a leader 
appears to have benefits.
Notwithstanding the significance of these findings, they examined leader-follower 
behavior only at a macro level. It is important to also examine this behavior at a 
micro level, as this may provide insight into the working mechanisms that underlie 
leader-follower behavior. For example, how leader-follower behavior is related to task 
performance over the course of an interaction (i.e., across time), but also whether 
the same or different mechanisms are at work in different populations (e.g., typically 
developing children vs. children with a neurodevelopmental disorder). Recent 
advances in time-series analyses, such as Cross Recurrence Quantification Analysis 
(CRQA; explained in detail below) make it possible to study leader-follower behavior 
at a micro level. Leonardi et al. (2016) used CRQA to show that in vocal interactions 
between a mother and an infant, the mother follows the infant’s lead. This following 
behavior decreases with age, indicating that as the infant becomes more competent, 
there is less need for the mother to follow. One could interpret this as a developing 
process of coordination between mother and child, where eventually no real leader or 
follower is needed; the interacting individuals become more similar or equal over time.
Trevarthen and Daniel (2005) observed the interaction of a father with his monozygotic 
twin daughters. At the age of two, one of the girls was diagnosed with autism. The 
analyzed videos were made when the girls were 11 months old, long before one of 
them was diagnosed with autism. Trevarthen and Daniel (2005) showed that the 
father interacted differently with his daughters. For example, he stimulated his autistic 
daughter more than his non-autistic daughter, in hopes of getting her engaged in the 
interaction. Thus, he took the lead in this interaction, whereas he followed his non-
autistic daughter more in their interactions. In fact, he unintentionally added to the 
absence of a rhythm in his interactions with his autistic daughter. Perhaps the father 
did not follow his daughter to the extent that she needed. The following statement by 
Gernsbacher (2006) supports this hypothesis:
“But what about the child who is delayed in developing the ability to follow his parent’s 
line of vision? What about the child who is delayed in developing the ability to make 
use of pointing gestures, that is, to follow a parent’s manual point or to make his own 
pointing gesture? Or even to make his own reaching gesture? Experience suggests that 
this is when parents – and professionals – need to enact even more reciprocity, need to 
share even more of the child’s world, need to follow even more of the child’s lead, and 
need to become something of a detective to discern the ways that the child is expressing 
joint attention and social and emotional reciprocity.” (p. 145).
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Perhaps, children with neurodevelopmental disorders are in need of more following 
behavior, that is, these children may need to be more in the lead and have a more 
capable interaction partner follow their lead. This may go against our intuition, 
believing that it should be the more skilled individual (e.g., the parent) who should 
lead the less skilled individual (e.g., the child). This idea adds to Vygotsky (1978)’s 
theory, in that the more skilled individual has to position him- or herself within the 
less skilled individual’s zone of proximal development and from there the more skilled 
individual should follow the lead of the less skilled individual. Thus, for some it may 
be better to have a more skilled leader, while for others (e.g., children with autism) 
it may be more beneficial to the interaction and its outcome that the less skilled 
individual is the leader.
Rhythmical Coordination
Leading and following behavior has recently been studied during rhythmical 
coordination of bodily movements at the micro level of interaction. As discussed 
earlier, dyads or groups generally perform better than individuals, but this is also 
influenced by the complexity of the task and the composition of the dyad or group. 
One potential underlying mechanism that recently has been related to the outcome 
of a cooperative interaction is interpersonal synchrony or interpersonal coordination 
(Abney et al., 2015; Vink et al., 2017, 2018). Synchrony involves engaging in the same 
action (i.e., the spatial aspect) at (about) the same time (i.e., the temporal aspect). 
For example, when two people are walking across the street together and their stride-
intervals are the same. Coordination is about timing, the when (i.e., the temporal 
aspect) and not so much about what it is that is being done, the what (i.e., the spatial 
aspect). For example, when two individuals are lifting a table together, it does not 
matter how either one of them does it, as long as they lift it at the same time. We here 
focus on interpersonal coordination, that is, on the timing of behavior.
Many researchers have postulated the importance of timing, that is, rhythmical 
coordination (see, for a review, Jaffe et al., 2001). Infants are born with the innate 
ability to detect rhythm and coordinate accordingly (Jaffe et al., 2001). For example, 
already at four months of age, children are able to detect whether an auditory and 
a visual stimulus are synchronous (Spelke, 1976, 1979). When presented with a 
soundtrack of two films, children looked at the film that was synchronous with the 
auditory-presented stimulus. Spelke (1976, 1979) concluded that the children knew 
which film belonged to the soundtrack. In other words, the children were able to 
detect the rhythm that belonged to the film.
Jaffe et al. (2001) defined rhythm as “… a recurrent nonrandom patterning that may 
or may not be strictly regular” (p. 1). All motor and vocal behavior has a rhythm 
(Lenneberg, 1967). In this rhythm one can detect information about the interaction 
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partner (Beebe et al., 1997). Coordination of (vocal) rhythms always takes place in 
relation to those of the interaction partner and, interestingly, the timing of preverbal 
dialogues appears similar to that of verbal dialogues in adults (Beebe, Jaffe, Lachmann, 
Feldstein, Crown, & Jasnow, 2000). This finding highlights the possibility that infants 
are already equipped with the tools for conversation before they can talk. It is through 
expectancies and anticipation, knowing what the other will do in relation to what you 
are doing, that this kind of coordination of timing patterns (e.g., when to pause, or 
whose turn it is) is possible (Beebe et al., 2000). However, not all interactions are 
experienced as positive. For example, we all have experienced interactions that just 
did not feel right, but could not determine what caused this feeling. A possible reason 
is a difference in individual rhythms that were not properly coordinated.
It is still unclear whether it is better to have high or low levels of coordination. Chapple 
(in Jaffe et al., 2001) stated that it is best to have high coordination, while according to 
Gottman (1979) high levels of coordination are related to distress in communication. 
More recent work has shown that in some situations the level of coordination that is 
desirable depends on the environment or task demands (Abney et al., 2015; Vink et 
al., 2017, 2018), thus challenging the idea that it should be either high or low. Vink 
et al. (2017) asked children in 183 dyads to perform a tangram puzzle task. During 
task, a Nintendo Wii Balance Board recorded their postural sway. The results showed 
that task performance was better when there was less synchronized postural sway in 
a dyad. Dyads that performed better had less deterministic postural sway patterns 
than dyads that performed worse. However, this was only the case for postural sway 
movement on the x-axis. According to the authors, this indicated that better task 
performance demanded more coordination rather than synchronization. That is, the 
less deterministic postural sway patterns indicate that the periods of synchronized 
dyadic postural sway were shorter in the better performing dyads, which may suggest 
that it is more important to coordinate than synchronize. 
In a follow-up study, Vink et al. (2018) analyzed the displacement of postural sway, 
instead of the separate x- and y-axis measurements as was done by Vink et al. (2017), 
and they examined a different outcome measure, the level of entropy of the dyadic 
postural sway. The entropy measure indicates the disorder in the distribution of the 
diagonal line lengths observed in reconstructed phase space (i.e., the disorder of the 
synchrony) (Vink et al., 2018). When entropy is low, the diagonal lines are of similar 
length (more uniform, orderly). When entropy is high there is large variation in diagonal 
line lengths (more disorder). Vink et al. showed that in better performing dyads the 
level of entropy was lower than in worse performing dyads, indicating that there was 
more order in better performing dyads’ postural sway patterns. Combining this with 
the results of their previous study, Vink et al. again concluded that coordination is 
sometimes more important than synchronization, since better performance was 
indicated by more ordered, shorter periods of similar postural sway. That is, dyads 
appear to continuously adjust their postural sway to that of their interaction partner.
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Abney et al. (2015) also concluded that in certain interactions it is better when dyads 
are more loosely coupled, that is, their behavior is more coordinated. They asked 
participants to perform a dyadic problem-solving task in which they had to create a 
tower (as high as possible) from raw spaghetti and marshmallows. The researchers 
gave one participant control over the spaghetti and the other over the marshmallows. 
When dyads were more loosely coupled (i.e., more coordinated), their performance 
was best. In addition, Abney et al. showed that performance also depended on the role 
division within each dyad. Although their results did not reach significance, they did 
point to the possibility that “… the emergence of role-sensitive temporal organization 
may be vital to effective performance in highly constrained dyadic problem solving” 
(p. 321). These previous studies by Vink et al. and Abney et al. showed that it depends 
on the task whether it pays off to coordinate, but also that role division within a dyad 
may affect performance.
Not everyone, however, is able to rhythmically coordinate smoothly. Individuals who 
suffer from a neurodevelopmental disorder, such as people with autism, have been 
shown to experience difficulties communicating (Tiegerman & Primavera, 1984). 
Tiegerman and Primavera showed that communicating was hampered to a large 
extent by gaze aversion (i.e., not wanting to look at other people’s faces). Interestingly, 
imitating or synchronizing the behavior of the individual with a neurodevelopmental 
disorder may enhance communication. Tiegerman and Primavera showed that when 
the experimenter imitated the actions of the autistic child, there was an increase 
in gaze frequency and gaze duration, as opposed to when the experimenter did 
not imitate the actions of the autistic child or when the experimenter did this with 
different objects than the child was engaged in. Thus, imitation seems to lead to an 
increase in shared attention.
Additional support for this idea came from Trevarthen and Daniel (2005). They 
observed different rhythms in the interactions between the father and his two 
daughters. In interactions with the non-autistic child there was a clear rhythm (i.e., 
coherent temporal regulation), whereas in interactions with the autistic child this 
rhythm was absent. The same pattern was observed for anticipatory behavior and 
other behaviors. In addition, the father’s behavior was also different. The father 
repeatedly stimulated his autistic daughter in hopes of getting her engaged in the 
interaction, but by doing so he missed out on the stages of shared tension and 
emotional build-up. In fact, he unintentionally added to the absence of a rhythm in 
the interaction with his autistic daughter.
To enhance the interaction with his daughter the father could have attuned to her 
rhythm, that was probably not his own natural rhythm, and follow her lead rather than 
take the lead himself. This was shown to be effective in a study on self-esteem by 
Gabriel, Bartak, Kawakami, Kang, and Mann (2010). Synchronizing with someone with 
low self-esteem may lead to a temporarily lower level of self-esteem, but the result is 
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that the individuals are more similar, which appears to cause positive affect. It may 
thus be beneficial for the social interaction that the more skilled individual adapts 
his or her behavior to the less skilled partner. Gabriel et al. (2010) also showed that 
securely attached individuals showed more self-synchronization. They compared this 
behavior to that observed in romantic relations; people sometimes put their partner 
and relationship before their own personal needs. In other words, sometimes it is 
beneficial for both individuals if one of them follows the lead of the other. Looking 
back at the study by Trevarthen and Daniel (2005), this is what appeared to be 
missing in the interaction between the father and his autistic daughter; there was 
no leader-follower role division. The daughter did not follow the lead of the father, 
while the father did not follow the lead of his daughter: there was no follower in this 
interaction. More generally, it can be hypothesized that such patterns and differences 
may not be restricted to interactions with children or individuals with autism, but 
holds for interactions with children or individuals with a neurodevelopmental disorder 
in general.
Vink et al. (2018) examined whether typically developing children and children with a 
neurodevelopmental disorder (e.g., autism or ADHD) differed in task performance and 
coordination of postural sway. In this study, children had to cooperate in a tangram 
puzzle task, during which their postural sway was recorded. The results showed that, 
as expected, children with a neurodevelopmental disorder performed significantly 
worse on the puzzle task than their typically developing peers. However, when 
studying their postural sway during the cooperative process, the effect of entropy 
was the same in both groups: Lower levels of entropy (i.e., reduced disorder of 
synchrony) was related to better task performance. In other words, dyads performed 
better when their postural sway was more coordinated. This suggests that the nature 
of the interaction may be more important than the disorder itself to explain the 
communication difficulties. In the Trevarthen and Daniel (2005) study, the problem 
may not have been that one child was autistic and the other was not, but the nature 
of the interaction between the father and the autistic child. Note that the interaction 
problems between the father and his autistic daughter were most likely due to a 
mismatch between their own natural rhythms. These findings lead us to wonder what 
could account for observed differences in the outcome of a cooperative task, if it is not 
the level of coordination. One possible account could be found in patterns of leading 
and following.
Present Study
In this study, we addressed three questions: 1) Who leads and who follows in a 
cooperative task? 2) How are leader-follower patterns related to task performance? 
and 3) Is there a difference between typically developing children and children 
with a neurodevelopmental disorder? For the first question, we did not have a clear 
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hypothesis. Based on the literature it is possible that the more skilled child will take 
the lead, as previous research has shown that more skilled children are often leaders 
as well.
However, and related to the second question, how roles are divided may depend on 
task performance. Previous research has shown that it may be beneficial if the less 
skilled individual takes the lead. Therefore, it is possible that in better performing 
dyads the more skilled child is the follower, whereas in worse performing dyads the 
more skilled child is the leader.
For the third question, we explored whether there are differences in role division 
between cooperating dyads consisting of typically developing children and those 
consisting of children with a neurodevelopmental disorder. As Leonardi et al. (2016) 
showed, typically developing children are less in need of a follower over the course 
of their development. However, children with a neurodevelopmental disorder such as 
autism seem to actually be in need of a more skilled follower (e.g., Trevathen & Daniel, 
2005). Therefore, we wondered if there is similar or different leader-follower behavior 
between typically developing children and children with a neurodevelopmental 
disorder when they cooperate on a cognitive task. Note that our analyses and results 
are of a general exploratory and descriptive nature.
Method
Participants
The group of typically developing children consisted of 183 dyads attending regular 
primary education (M
age
 = 10;8 years, SD = 1;00, range: 8-13, 95 boys and 88 girls)1. 
The group of atypically developing children consisted of 106 dyads attending special 
primary education (M
age
 = 10;10, SD = 1;3, range: 8 – 13; 74 boys and 32 girls)2. Note 
that, in the Netherlands, inclusive education is not yet fully implemented. A large 
group of children with special needs are referred to special primary education. They 
do not necessarily have an official DSM diagnosis (although many of them do), but 
all of them show behavior that is reminiscent of a developmental disorder. Due to the 
large diversity within this group, it is difficult to draw conclusions about each of the 
disorders that are present. Therefore, we chose to look at this group as a whole, as a 
group of children with a developmental disorder (i.e., the commonality) and how this 
group (as a whole) differs from its typically developing counterpart. Thus, we will not 
discuss developmental disorders separately. 
1 This group was drawn from the study by Vink et al. (2017), see Chapter 2.
2 This group was drawn from the study by Vink et al. (2018), see Chapter 3.
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Children were randomly assigned to a same-sex dyad. Not all dyads that participated 
were included in the study. Reasons for exclusion were either technical failures 
with data recording or an uneven number of children in a classroom, which led to 
one child participating in two dyads or in a dyad that was not same-sex. In total, 13 
dyads attending regular primary education and 15 dyads attending special primary 
education were excluded.
Letters were sent to a large number of Dutch regular and special primary schools to 
request participation. After two weeks, schools were contacted to inquire whether 
or not they wanted to participate. Additional information was sent via email to the 
schools that wanted to participate, including a letter for parents in which they were 
informed about the study and asked for permission for their child’s participation. A 
passive consent procedure was followed. Teachers informed the researchers of the 
total number of participating children in their class.
Materials and Procedure
Nintendo Wii Balance Boards. To record the postural sway of both dyad members, 
two Nintendo Wii Balance Boards (WBBs; Nintendo, Kyoto, Japan) were used. The 
WBB is a reliable, easily moveable, and inexpensive alternative to the less portable 
and more expensive force platforms often used in clinical settings (Clark et al., 2010; 
Clark, McGough, & Paterson, 2011). For the present study, we used a custom-made 
Windows-based program to simultaneously record both WBBs (Voogt, TSG-FSW, 
Radboud University, The Netherlands). The sampling rate was set at 100 Hz and the 
collected data provided information about postural sway in both the medial-lateral 
(X-axis) and anterior-posterior (Y-axis) direction.
Tangram Task. A tangram puzzle consists of seven pieces: two large triangles, one 
medium triangle, two small triangles, a square and a rhomboid (see Figure 1). These 
pieces can be used to create all kinds of figures. The figures that the dyads had to 
recreate in the present study were printed on A4 paper, on which the children had to 
place the tangram pieces to recreate the printed figure.
 
FIGURE 1   Tangram puzzle pieces.
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Prior to performing the tangram task, children within a classroom were randomly 
assigned to a same-sex dyad. The experiment took place at school, in a room that 
was available at that time3. The children performed the task both individually and 
cooperatively (see Vink et al., 2017 and 2018 for more details). In summary, children 
had 10 minutes to recreate as many tangram puzzles as possible. During these 10 
minutes, they stood on the WBB, and their postural sway was monitored. This was 
the only prerequisite; children were allowed to move, as long as they did this on the 
WBB. After finishing a puzzle, the researcher checked whether it was correct. If so, 
the child or dyad was allowed to continue to the next puzzle, otherwise they were 
asked to keep trying. Only when a child or dyad made many unsuccessful attempts or 
became very frustrated were they allowed to skip a puzzle. After 10 minutes, children 
were told to stop and asked to step off of the WBB. The number of correctly recreated 
puzzles was the task performance score. After finishing the experiment, as a token of 
gratitude for their participation, the children were given a small present (e.g., a pen 
or pencil).
Data Preparation and Analysis
Cross Recurrence Quantification Analysis. Data reduction was first performed on the 
original data, given the computational intensity of the analyses. We down sampled 
the data to 5 Hz (the original data was sampled at 100 Hz), resulting in time series of 
approximately 3,000 data points per dyad. Next, the Displacement (Displ) scores were 
calculated from the X-Y coordinates. Equation 1 shows how this was done:
Eq. 1     Displ
t
 =   (X
(t+1)
-X
t
)2 + (Y
(t+1)
-Y
t
)2
where X represents the raw medial-lateral measure and Y the anterior-posterior 
measure of postural sway. 
The Cross Recurrence Quantification analyses (CRQA) on the Displ data were analyzed 
in MATLAB® (Mathworks Inc., 2012) using the Cross Recurrence Plot (CRP) Toolbox 
(http://tocsy.pik-potsdam.de; Marwan, Romano, Thiel, & Kurths, 2007). To perform 
CRQA analyses, the shared phase space of the dyadic time series was reconstructed 
using the method of time-delayed embedding (Takens, 1981). To determine an 
appropriate delay, the Average Mutual Information (AMI) was calculated over 
increasing time lags. The time lag where the first local minimum (hence, the point 
where the time series reveal an optimum amount of unique information) appeared 
was chosen for the reconstruction (5 data points). Next, the embedding dimension 
3  Note that the experiment consisted of a pretest, cooperation, and posttest. Here, we will only 
discuss the pretest and cooperative part.
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(7) was determined by a first local minimum of False Nearest Neighbors (FNN; cf., 
Riley, Balasubramaniam, & Turvey 1999). The radius (i.e., the area in the shared phase 
space where revisiting trajectories are considered recurrent) was allowed to vary 
within each dyad, so that the recurrence rate within each dyad was exactly 5% (cf. 
Wijnants, Bosman, Hasselman, Cox, & Van Orden, 2009). These parameters were used 
to optimize the reconstruction. However, as Riley et al. (1999) stated, for recurrence 
analyses on postural sway data, the choices for time lag and embedding dimension 
are not crucial.
Descriptive Analysis of Leading-Following Behavior in Postural Sway. From the CRQA 
analyses we extracted for each dyad the diagonal-wise recurrence rate (see Coco & 
Dale, 2014, for a detailed description). For each dyad, a diagonal recurrence profile 
was obtained within a window of 200 samples (i.e., 40 seconds, 5 Hz). According 
to Paxton and Dale (2017), a DRP says something about “… how much coordination 
occurs within a “window” of relative time between participants” (p. 6). That is, “… the 
DRP allows us to explore similarities in patterns of movement that are independent of 
absolute time while revealing patterns of relative time” (Paxton & Dale, 2017, p. 6). In 
short, a DRP can tell us something about leading and following behavior.
To make sure that all DRPs are comparable, we chose to place the dyad member 
that performed best on the pre-test on the left side and the dyad member that made 
less puzzles correct on the right side of the plot. DRPs can be interpreted as follows 
(see also Figure 2): If the recurrence peak is left of the middle, the worse performing 
dyad member was in the lead and the better performing dyad member followed. If 
the recurrence peak is right of the middle the better performing member was in the 
lead and the worse performing dyad member followed. The distance from the middle 
to the peak indicates the time lag between the recurrent behavior: the larger the 
distance, the longer it took for the follower to follow the leader’s movement. When the 
peak is approximately in the middle, there is near-synchronized behavior, indicating 
that each member did the same thing at about the same time and there was no clear 
leader or follower. A peak on both sides indicated bi-directionality or turn taking in 
the interaction: sometimes the better performing dyad member was in the lead and 
sometimes the worse performing dyad member was in the lead.
4
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FIGURE 2   Example diagonal-wise recurrence profiles showing possible leading-following patterns.
The DRPs of individual dyads were grouped based on their cooperative task 
performance; those that scored low (0%-25% percentile), average (25%-75% 
percentile), and high (75%-100% percentile); within these percentile groups the 
DRPs were aggregated for Regular and Special education groups separately. The low-
scoring dyads finished 3-6 puzzles, the average group finished 7-10 puzzles, and the 
high-scoring group finished 11-15 puzzles. Note that for the children attending special-
primary education, only five dyads finished 11-15 puzzles
The aggregated DRPs are shown in Figure 3. These are so-called centroids obtained by 
using the shape extraction algorithm in R package dtwclust (R Core Team, 2017; Sarda-
Espinosa, 2017). The algorithm uses a shape-based distance metric on coefficient-
normalized cross-correlation functions to generate the mean shape, or, centroid 
profile (cf. Paparrizos and Gravano, 2015). The thick lines in Figure 3 are smoothed 
lines (loess, span = .2) with a 95% confidence interval of a lighter color. The spiky 
lines in the graphs are the actual mean profiles. In addition, the bottom two rows 
represent the mean score + 95% bootstrapped CI. We chose to look at DET (z score, 
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represented on the Y-axis), as this measure tells us something about the long-range 
recurrent trajectories in an interaction and not only about occasional steady point 
similarities.
Results
Table 1 presents the descriptive statistics of the task performance scores of the 
individuals and dyads, for both the typically and atypically developing children. The 
table reveals (see also Vink et al., 2017, 2018) that dyads performed better than 
individuals and that typically developing children performed better than children with 
a neurodevelopmental disorder.
TABLE 1    Descriptive Statistics of Individual and Cooperative Task Performance for Children Attending 
Regular and Special Primary Education.
 
Next, we describe the results of the leader-follower analyses. We chose to use the 
individual task performance to distinguish between the individuals making up a dyad. 
In other words, we put the dyad member with the highest individual task performance 
on left side of the graph and the dyad member with the lowest task performance on 
the right side. This way, the results are easier to interpret, since this makes dyads 
comparable and it made it possible to identify whether the high or low performing 
dyad member was in the lead. Figure 3 shows the leader-follower results of the three 
performance groups (low , average, high), distinguishing between typically developing 
children (i.e., the lighter line) and children with a neurodevelopmental disorder (i.e., 
the darker line). Below each graph the number of puzzles correct by the dyad and by 
each dyad member individually are plotted (P1 is the high-performing dyad member, 
P2 is the low-performing dyad member). As the scores below the graph show, both 
groups did not appear to differ a lot on individual scores and cooperative scores.
N M SD Min Max
Regular Education
Individually 366 5.73 2.29 0 14
Cooperation 183 9.17 2.55 5 15
Special Education
Individually 210 3.96 1.91 0 9
Cooperation 106 6.75 1.81 3 13
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For low-performing dyads, there was a similar pattern for children attending regular-
primary education and children attending special-primary education. For both groups, 
the best performing child was in the lead, while the child who performed lowest on 
the individual task was the follower. The peak, however, was far to the right, indicating 
that it took some time before the worse performing child followed the lead of the 
better performing child.
For average-performing dyads, the pattern appeared quite similar to that of the low-
performing dyads, but only for the children attending regular-primary education. 
Here, again, the better performing child was in the lead. The peak moved closer to the 
center, indicating that leading-following took place closer in time than for the lowest 
performing group. For the special education group, however, a different pattern was 
observed. The peak had moved slightly to the left side of the graph, indicating that 
the worse performing child was in the lead. In addition, the leading-following pattern 
took place closely in time, near the line of synchrony. Thus, the postural sway patterns 
in average-performing dyads of special education children were nearly synchronized.
For high-performing dyads, the results of the groups were opposite. Among children 
attending regular-primary education the better performing child was still the leader. 
The peak had shifted even more towards the LOS, indicating that there was less of 
a delay between leading and following. Among children with a neurodevelopmental 
disorder, however, the peak had moved to the left side of the graph, indicating that the 
best performing dyads were led by the low performing dyad member.
To summarize, leading-following among children attending regular-primary education 
remained quite similar. In all three groups, the better performing dyad member was 
in the lead. What changed was the fact that across groups, moving from low- to high-
performing dyads, there was a decrease in the delay between the leader’s and the 
follower’s postural sway. For children attending special-primary education, there 
was a clear difference between the three groups. In the low-performing dyads it was 
clearly the better performing dyad member that was in the lead. The exact opposite 
was true for the best performing dyads, in which the low-performing dyad member 
was in the lead. The average group was somewhat in between these two, tending 
towards a more synchronized interaction.
Discussion
This study revealed that typically developing children exhibited relatively consistent 
synchronization behavior when cooperating. The more skilled child (i.e., the one with 
the most correct puzzles on the individual measure) was the leader and the lesser 
skilled the follower. Note, however, the subtle difference between high- and low-
performing dyads: In high-performing dyads, the less skilled child followed the ‘leader’ 
4
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more closely in time, which was visible in a decrease in delay across performance 
groups. Thus, the better performing dyads appear to have a more closely matched (in 
time) pattern of postural sway than low-performing dyads, suggesting that they are 
more optimally coordinated, which is consistent with findings by Abney et al. (2015) 
and Vink et al. (2017, 2018).
A possible explanation for the success of typically developing children is that in the 
high-performing dyads the more cognitively skilled child may have been better at 
explaining or mediating how the task should be done. Fawcett and Garton (2005) 
showed that it is not only about dyad composition, but that interaction also matters. 
Interaction is also important when thinking about the zone of proximal development 
(Vygotsky, 1978). By stepping into the less skilled child’s zone of proximal 
development, the more skilled child may be able to increase the less skilled child’s 
ability level. In addition, the more skilled child also has to be able to abandon the 
zone of proximal development of the less skilled child at some point, such that a state 
of disequilibrium in the interaction can emerge, a prerequisite for learning (Piaget, 
1959). By stepping out of the zone of proximal development (i.e., stepping out of the 
state of equilibrium), the more skilled follower temporarily becomes the leader. This 
way, the less skilled child will experience a state of disequilibrium and may be invited 
to follow the leader in the hopes of regaining a state of equilibrium.
Another reason for the observed pattern in the typically developing dyads is that 
the more skilled children become, the less need there is for a leader. In other words, 
interactions will become more and more natural (i.e., more optimally coordinated), 
with members becoming more equal as skill increases. This is what Leonardi et al. 
(2016) demonstrated in mother-infant vocal interactions. Following of the mother 
decreased with children’s age (i.e., level of competency), suggesting that coordination 
between mother and child increased (i.e., improved), with the interacting individuals 
becoming more similar or equal over time.
Children with a neurodevelopmental disorder, however, showed a less consistent 
pattern. In low-performing dyads, the more skilled child was in the lead, whereas 
in high-performing dyads the less skilled child entrained the more skilled child. In 
average-performing dyads, there was not a clear leader as indicated by their near-
synchronized patterns of postural sway. Thus, typically developing children need 
a skilled leader, whereas children with a neurodevelopmental disorder in a high-
performing dyad need a skilled follower.
As with typically developing children, we can also relate the results of the children 
with a neurodevelopmental disorder to Vygotsky’s (1978) zone of proximal 
development. However, whereas in typically developing dyads the more skilled child 
could mediate the solution (or process) to the less skilled child, in dyads of children 
with neurodevelopmental disorders the more skilled child may need to adjust to the 
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needs of the less skilled child. That is, in this group it appears to be important, at least 
for cognitive performance, that help or mediation is adjusted to the task as well as to 
children’s needs. In other words, the zone of proximal development differs depending 
on the level at which one looks at it, and both are important.
At a macro level, one can look at the ZPD of the task, or more specifically, for 
performance on a task or how a child performs in math. In such situations, one looks 
at a score as the outcome. In the present study, this would be the number of puzzles 
correct. Thus, the zone of proximal development for task performance would be a 
certain score that is close to a child’s own performance, but not too close to still make 
it challenging.
Looking at the ZPD at a micro level focuses on the interaction process. For example, 
by looking at the coordination or rhythm of the interaction, one gains insight in 
the interaction above and beyond the information acquired at the macro level. As 
indicated above, Palincsar called the ZPD “one of the most used and least understood 
constructs to appear in contemporary educational literature” (1998, p. 370). We 
believe that taking both the micro and macro levels into account when studying the 
zone of proximal development is a first step in the direction of better understanding 
this construct.
The Trevarthen and Daniel (2005) study also provides an explanation for the observed 
results for children with a neurodevelopmental disorder. One could hypothesize that 
the father-daughter dyad in their study is comparable to dyads in the lowest 25% 
of our study. In the interactions described by Trevarthen and Daniel, the father was 
the more skilled individual and in the lead, while his daughter was the follower (or 
at least should be). As Gernsbacher (2006) stated for this group of individuals: “… 
parents – and professionals – need to enact even more reciprocity, need to share 
even more of the child’s world, need to follow even more of the child’s lead, and need 
to become something of a detective to discern the ways that the child is expressing 
joint attention and social and emotional reciprocity.” (p. 145). Our findings support 
this statement, suggesting that indeed having the child with a neurodevelopmental 
disorder take the lead, or have the more skilled individual follow that ‘lead’, will result 
in more coordinated social contact and subsequently better cognitive performance.
The results of the present study also provide a more detailed picture of the 
coordination that takes place in the interaction between primary school children. 
Abney et al. (2015) and Vink et al. (2017) showed that level of coordination was related 
to cooperative cognitive task performance. In addition, Vink et al. (2018) showed 
that this pattern was the same for typically developing children and children with a 
neurodevelopmental disorder. The latter study did not explain how a potential source 
of information can account for the observed difference in performance between these 
two groups. In the present study, we showed that patterns of leading and following 
4
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provide one such source of information. Whereas both groups showed similar leader-
follower patterns in the lowest performing group, the patterns were opposite in the 
best performing dyads.
These results are also important for educational and clinical practice. We showed 
that, especially for children with a neurodevelopmental disorder, it is important to 
follow their lead. Looking at educational practice, for example, teachers often tell a 
child what to do and how to do it, without taking the time to find out what it is that 
the child needs. This is also important for typically developing children, but especially 
important for those with a neurodevelopmental disorder that already puts them at a 
disadvantage.
To summarize, typically developing children showed a consistent leading-following 
pattern. Whether their performance was high or low, the more skilled dyad member 
was in the lead. The pattern for children with a neurodevelopmental disorder was less 
consistent. For them, the patterns of the low performing dyads were similar to those 
of typically developing children, while the patterns of the high performing dyads were 
exactly opposite. That is, among children with a neurodevelopmental disorder, dyads 
performed best when the leader was the less skilled dyad member. This adds to the 
findings by Vink et al. (2018), who showed that the level of coordination between 
dyad members did not differ between typically developing children and children with 
a neurodevelopmental disorder. We showed that they differed in leader-follower 
behavior, which may (in part) explain the observed difference in task performance 
between the groups.
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Abstract
To our knowledge, previous work has not yet examined how leader-follower behavior 
is associated with acceptance and popularity and task performance. In the present 
study, we made a first attempt to do so. In addition, we compared dyads of typically 
and atypically developing children. We examined how popularity and acceptance were 
related to leader-follower patterns and task performance, comparing dyads consisting 
of typically developing children (n=183) and children with a neurodevelopmental 
disorder (n=106). Since the results for popularity and social acceptance were 
comparable, we only discussed those for popularity in detail. Results showed that 
in the best performing dyads, the less popular dyad member was in the lead. In the 
average performing dyads, the pattern was the exact opposite, since in this group the 
more popular dyad member was in the lead. In both these groups, the results were 
similar for the typically developing children and children with a neurodevelopmental 
disorder. In the low performing dyads, the results differed for these two groups of 
children. In the typically developing dyads, the less popular dyad member was in the 
lead, while in the dyads with neurodevelopmental disorders there was bi-directional 
alignment, that is, there was no clear leader or follower. 
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The concept of popularity has been studied extensively in the social development 
literature. The literature distinguishes two types of popularity. Sociometric popularity 
indicates likeability or social acceptance and is derived from children’s or adolescents’ 
nominations of peers they like most and like least. Perceived popularity is a measure 
of power, visibility, or status in the peer group and is derived from youths’ nominations 
of peers as most popular and least popular (i.e., reputation; Lease, Kennedy, & 
Axelrod, 2002). Although there are moderate correlations between sociometric and 
perceived popularity, they have been shown to be distinctive constructs (Cillessen & 
Mayeux, 2004). Below, we first discuss the associations of sociometric and perceived 
popularity with academic achievement. We next discuss an important aspect of social 
interaction, namely rhythmical coordination or synchronization, and the role it may 
play in children’s peer relationships. The main focus of the present study was to 
examine the associations between social status and how social behavior, and how 
they may impact children’s learning in dyadic interactions.
In this paper, we use the term social acceptance to refer to sociometric popularity, and 
we use the term popularity to refer to perceived popularity (see Cillessen & Marks, 
2011). Social acceptance and popularity are differentially associated with traits and 
behaviors.
Social acceptance is mainly related to positive traits and behaviors. Socially accepted 
children are socially skilled, kind, cooperative, and trustworthy (Cillessen & Mayeux, 
2004) and do well in terms of school achievement (Wentzel & Caldwell, 1997). 
Prosocial behavior (not breaking rules, being considerate of others, helping others to 
learn) is correlated with both peer acceptance and academic achievement.
Interestingly, popularity is correlated with positive as well as negative traits and 
behaviors. On the positive side, popularity has been shown to be related to cooperation 
(Puckett, Aikins, & Cillessen, 2008), being athletic, cool, and tough, have good social 
and interpersonal skills, and being physically attractive, among other things (Adler 
& Adler, 1998). On the negative side, popularity has been associated with social 
dominance, aggression, and risk behaviors. For example, Sandstrom and Cillessen 
(2006) showed that popularity in 5th grade was positively related to externalizing 
problems three years later (i.e., overt aggression, relational aggression, disruptive 
behavior). Cillessen and Mayeux (2004) found that popularity was positively related 
with physical and relational aggression. Lease et al. (2002) found that popularity, but 
also social acceptance, correlated with social dominance. Schwartz and colleagues 
found that adolescents who were popular and aggressive devalued academic 
achievement and disengaged from school (Schwartz, Nakamoto, Hopmeyer Gorman, 
& McKay, 2006). This was not the case for adolescents who were popular but not 
aggressive.
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Leading-Following
Socially accepted children are often influential, admired and possess leadership 
skills; popularity is also correlated with leadership, and this association is stronger 
than for socially accepted children (Lease et al., 2002; Puckett et al., 2008). Loke, 
Mak, and Wu (2017) showed that influential adolescents (13-15 years old) describe 
themselves as more popular and possessing leadership abilities than less influential 
peers. The influential adolescents believed that it was their considerateness of others 
that made them popular among their peers. In addition, they had communicative 
abilities that made it possible for them to initiate a dialogue with a peer and, as a 
result, made it possible for their peers to voice their feelings or thoughts. Influential 
peers may be leaders due to their popularity, since others often follow the behavior 
of popular or influential peers. Indeed, as Lease et al. (2002) showed, children prefer 
a popular group leader.
Studying students in higher education, Dingel and Wei (2014) found that leaders 
obtained higher average final grades than followers, and also received higher peer 
evaluations for ‘team citizenship’ than followers. Dunbar, Dingel, Dame, Winchip, and 
Petzold (2016) also found that leaders had higher grades than followers, and also 
higher social self-efficacy scores than followers. Thus, there are benefits to being a 
leader.
The studies reviewed above examined leading and following at a macro-analytic level; 
they were assessed with peer nominations or general ratings. In a recent study, Vink, 
Hasselman, Cillessen, Wijnants, and Bosman (2018a) examined leading and following 
at a micro-level in the postural sway patterns of cooperating dyads. They examined 
whether postural sway in cooperating dyads depended on the performance of the 
dyad and the developmental level of the dyad members. In typically developing 
dyads, the more competent dyad member (as indicated by an individual pretest 
score) was in the lead, while the less competent dyad member followed, and this was 
not influenced by dyadic performance. In atypically developing dyads, consisting of 
children with a neurodevelopmental disorder, the pattern was less straightforward. 
Here, in low-performing dyads the competent child was in the lead, while in well-
performing dyads the less competent child was in the lead. This study showed that 
examining leader-follower behavior at a micro-level can provide new insights into in 
cooperative interactions between children.
Rhythmical Coordination
Vink, Hasselman, Cillessen, Wijnants and Bosman (2018a) studied the rhythmical 
coordination, or synchronization, of postural sway patterns in dyads and its 
association with task performance. Coordination or synchronization regards the 
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form and timing of behaviors or movements. Coordination takes place when a 
specific action (e.g., lifting a table) is performed by two persons at the same time, 
but how it is done may differ (e.g., one person may lift the table in front of her, while 
the other lifts it behind her back). Synchronization means doing the same thing at 
(about) the same time (e.g., walking down the street at stride-intervals that are 
synchronized). Louwerse, Dale, Bard, and Jeuniaux (2012) described this distinction 
in further detail.
Studies have examined how dyadic coordination or synchronization is related to social 
factors. Hove and Risen (2009) found that affiliation was related to interpersonal 
synchrony. They had an experimenter tap either in-sync with a participant, out of 
sync, or not at all. In the in-sync condition, the participant liked the experimenter 
more than in the other two conditions. In a recent meta-analysis on the outcomes 
of interpersonal coordination, Vicaria and Dickens (2016) stated that “At the dyad or 
group level, interpersonal coordination consistently increases harmonious feelings 
among interacting partners, and generally promotes prosocial behaviors. … Therefore, 
interpersonal coordination is indeed the ‘‘social glue’’ that promotes social cohesion 
among interacting partners” (p. 19). Increased feelings of closeness and similarity, 
liking, trust, cooperativeness, helping behavior, and compliance were significantly 
related to interpersonal coordination. Measures of popularity, power or dominance, 
were not included in this meta-analysis.
Dunbar and Mejia (2012) found that power also influences synchrony. Interactions of 
equal-power couples were more synchronous overall, while interactions of unequal-
power couples were more asynchronous. This finding can be related to popularity, 
since popular youths generally are seen as powerful and dominant (Cillessen & Rose, 
2005). Thus, we hypothesized that popularity is related to the level of interpersonal 
synchrony or coordination in dyadic interactions.
Present Study
The distinction between acceptance and popularity is consistent in the literature. 
Studies of their behavioral correlates clearly have shown that acceptance correlates 
positively with prosocial behaviors and negatively with antisocial behaviors, while 
popularity correlates positively with both (for reviews, see Cillessen, Schwartz, & 
Mayeux, 2011). However, most studies have examined behavior at a high level of 
aggregation, the main sources of information being peer nominations or teacher ratings. 
While extremely valuable, peer nominations and teacher ratings are general measures 
of behavior that do not inform us of specific behavioral mechanisms. Knowledge of 
peer status can be enhanced by examining behavior at a micro-analytic level. Micro-
analytic studies of social behavior may provide insights in socially skilled behavior that 
cannot be obtained from macro-analytic measures of behavior. Micro-analytic methods 
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may also reveal behavioral patterns that individuals are not consciously aware of, but 
that are important characteristics of socially competent behavior.
One way to examine behavior at a micro-analytic level is by studying leader-follower 
behavior in dyadic interactions. Vink et al. (2018a) studied dyadic leader-follower 
behavior in postural sway and its association with task performance and individual 
ability. Dyad composition was related to task performance, but the association differed 
between typically and atypically developing children. In typically developing dyads the 
more skilled member was in the lead, independent of task performance. In dyads of 
children with a neurodevelopmental disorder it was important to have a more skilled 
follower, since the best performance was observed when the less skilled dyad member 
was in the lead. In a prior study, dyads of typically and atypically developing children did 
not differ on more aggregated measures of synchrony and coordination of postural sway 
(Vink et al., 2018b). Studying dyads with micro-analytic measures may provide insights 
in children’s social behavior that cannot be obtained from more general measures.
To our knowledge, previous work has not yet examined how leader-follower behavior 
is associated with acceptance and popularity and task performance. In the present 
study, we made a first attempt to do so. In addition, we compared dyads of typically 
and atypically developing children. We examined how popularity and acceptance 
were related to leader-follower patterns and task performance, comparing typically 
developing children and children with a neurodevelopmental disorder.
Method
Participants and Procedure
The methods of this study were similar to those of Vink, Wijnants, Cillessen, and 
Bosman (2017) and Vink et al. (2018 a, b). Participants were typically and atypically 
developing children (taken from the Vink et al. studies). The typically developing 
sample consisted of 183 dyads of children attending regular primary education (M
age
 = 
10;8 years, SD = 1;00, range 8-13; 95 boys, 88 girls). The atypically developing sample 
consisted of 106 dyads of children attending special primary education (M
age
 = 10;10, 
SD = 1;3, range 8-13; 74 boys, 32 girls). In the Netherlands, inclusive education is 
not yet fully implemented. A large group of children with special needs are referred 
to special primary education. They do not necessarily have an official DSM diagnosis 
(although many of them do), but all of them show behavior that is reminiscent of a 
developmental disorder. Due to the large diversity within this group, it is difficult to 
draw conclusions about each of the disorders that are present. Therefore, we chose to 
look at this group as a whole, as a group of children with a developmental disorder (i.e., 
the commonality) and how this group (as a whole) differs from its typically developing 
counterpart. Thus, we will not discuss developmental disorders separately.
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Children were randomly assigned to a dyad with a same-sex classmate. Not all 
participating dyads were included in the current analyses. Reasons for exclusion were 
technical failures with data recording or an uneven number of children in a classroom, 
as a result of which one child participated in two dyads or a mixed-sex dyad. In total, 
13 regular education dyads and 15 special education dyads were excluded.
Letters were sent to a large number of Dutch regular and special primary schools 
to request participation. After approximately two weeks, schools were contacted to 
inquire whether or not they wanted to participate. Additional information was sent 
via email to the schools that wanted to participate, including a letter for parents with 
information about the study. Teachers provided the researchers with the names of the 
children whose parents gave passive consent for participation.
Measures
Demographics. The questionnaire began with demographic questions. Participating 
children were asked in indicate their gender, birth date, parents’ nationality, and 
language(s) spoken at home.
Sociometric measures. The questionnaire included standard sociometric questions 
for likeability (“Who do you like most/least?”) and popularity (“Who is most/least 
popular?”). Children received a roster with the names of their classmates preceded by 
a code number. Instructions were provided by the researcher. Unlimited nominations 
were used; children could name as many or as few peers as they wanted for each 
question. Self-nominations were not allowed. When nominating peers, children used 
the code numbers, not the names. After finishing the questionnaire, the children 
could either color a drawing on the back or work on something else.
The sociometric data were processed with SocStat (Thissen-Pennings & Bendermacher, 
2002). SocStat counts the number of nominations received by each child for each 
item. This number is then standardized to z-scores within each classroom. A score 
for social preference is computed as the difference between the standardized 
numbers of liked most and liked least nominations received, again standardizing the 
resulting difference score within classrooms. A score for popularity is computed as 
the difference between the standardized numbers of most popular and least popular 
nominations received, again standardizing the resulting difference score within 
classrooms (Mayeux, Houser, & Dyches, 2011).
Nintendo Wii Balance Boards. To record postural sway of both dyad members, two 
Nintendo Wii Balance Boards (WBBs; Nintendo, Kyoto, Japan) were used. Clark et al. 
(2010) and Clark, McGough, and Paterson (2011) showed that the WBB is a reliable, 
easily moveable, and inexpensive alternative to the less portable and more expensive 
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force platforms often used in clinical settings. For the present study, customized 
software was used to record both WBBs simultaneously (Voogt, TSG-FSW, Radboud 
University, The Netherlands). The sampling rate was set at 100 Hz and the collected 
data provided information about postural sway in both the medial-lateral (X-axis) and 
anterior-posterior (Y-axis) direction.
Tangram task. A tangram puzzle consists of seven pieces: two large triangles, one 
medium triangle, two small triangles, a square and a rhomboid (Figure 1). These 
pieces can be used to form numerous figures. We used three sets of tangram puzzles 
(A, B, C). Sets A and C were used for the individual tasks (interchanged between the 
dyad members across the pre- and posttest). Set B was used for the cooperative task. 
The to be created figures were printed on A4 paper, on which the children had to lay 
the tangram pieces to recreate the printed figure.
 
FIGURE 1   Example of a tangram puzzle.
The experiment took place in a quiet room at school with each dyad. After entering the 
room, the two children were instructed to step on one of the two Nintendo Wii Balance 
Boards that were placed approximately 70 centimeters from one another. Children 
were told that this was not a competition and to do the best they could, and the 
researcher showed them how to solve an example tangram puzzle. The experiment 
then consisted of three parts.
In Part 1, children had 10 minutes to recreate as many tangram puzzles as possible. 
During these 10 minutes, they had to stay on the WBB. When a child finished a puzzle, 
the researcher checked if it was correct. If so, the child could continue to the next 
puzzle, otherwise (s)he had to keep trying. Only when children had made many 
unsuccessful attempts or became very frustrated were they allowed to skip a puzzle. 
After 10 minutes, the researcher prompted the children to stop and step off the WBB. 
The number of puzzles correctly recreated was the pretest score.
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In Part 2, the researcher placed the WBBs closer to each other, approximately 10 
centimeters apart. Again, the children were asked to step on the WBB. For this part 
of the experiment, the children were given only one set of puzzle pieces and one 
set of tangram figures (set B). The task was identical to the first task, with the only 
difference that children were allowed to cooperate. The number of puzzles correctly 
recreated as a dyad was the cooperation score.
Part 3 was identical to Part 1. Children again performed the task individually. The 
number of puzzles correctly recreated was the posttest score. After Part 3, children 
received a small gift (e.g., pen or pencil) to thank them for their participation.
Data Preparation and Analysis
Cross Recurrence Quantification Analysis. First, the original data, sampled at 100 
Hz, were down sampled to 5 Hz, since the computer available to analyze the data 
had insufficient available memory for the 100 Hz data. This resulted in time series 
of approximately 3,000 data points per dyad. Displacement scores (Displ) were 
calculated as follows:
Eq. 1    Displ
t
 =   (X
(t+1)
-X
t
)2 + (Y
(t+1)
-Y
t
)2
where X represents the raw medial-lateral measure and Y the anterior-posterior 
measure of postural sway.
Cross Recurrence Quantification analyses (CRQA) were conducted on the Displ data 
in MATLAB® (Mathworks Inc., 2012) with the Cross Recurrence Plot (CRP) Toolbox 
(http://tocsy.pik-potsdam.de; Marwan, Romano, Thiel, & Kurths, 2007). The shared 
phase space of the dyadic time series was reconstructed using the method of time-
delayed embedding (Takens, 1981). To determine an appropriate delay, Average 
Mutual Information (AMI) was calculated over increasing time lags. The time lag where 
the first local minimum appeared (the point where the time series reveal an optimum 
amount of unique information) was chosen for the reconstruction (5 data points). 
Next, the embedding dimension (7) was determined by a first local minimum of False 
Nearest Neighbors (FNN; cf. Riley, Balasubramaniam, & Turvey, 1999). The radius (the 
area in the shared phase space where revisiting trajectories are considered recurrent) 
was allowed to vary within each dyad, so that the recurrence rate within each dyad 
was exactly 5% (cf. Wijnants, Bosman, Hasselman, Cox, & Van Orden, 2009). These 
parameters were used to optimize the reconstruction. However, as Riley et al. (1999) 
stated, for recurrence analyses on postural sway data, the choices for time lag and 
embedding dimension are not crucial.
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Descriptive Analysis of Leading-Following Behavior in Postural Sway. From the CRQA 
analyses we extracted for each dyad the diagonal-wise recurrence rate (see Coco & 
Dale, 2014, for details). For each dyad, a diagonal recurrence profile was obtained 
within a window of 200 samples (i.e., 40 seconds, 5 Hz). According to Paxton and Dale 
(2017), a DRP indicates “how much coordination occurs within a “window” of relative 
time between participants” (p. 6). That is, “the DRP allows us to explore similarities in 
patterns of movement that are independent of absolute time while revealing patterns 
of relative time” (Paxton & Dale, 2017, p. 6). In short, a DRP can tell us something 
about leading and following behavior.
The aggregated diagonal-wise recurrence profiles (DRPs) are shown in Figure 1. To 
make all DRPs comparable, we placed the dyad member with the best pretest score 
on the left side of the plot and the other dyad member on the right. DRPs can then be 
interpreted as follows: If the recurrence peak is left of the middle, the worse performing 
dyad member was in the lead and the better performing dyad member followed. If 
the recurrence peak is right of the middle the better performing member was in the 
lead and the worse performing dyad member followed. The distance from the middle 
to the peak indicates the time lag between the recurrent behavior: the larger the 
distance, the longer it took for the follower to follow the leader’s movement. When 
the peak is approximately in the middle, behavior is near-synchronized, indicating 
that each member did the same thing at about the same time and there was no clear 
leader or follower. A peak on both sides indicated bi-directionality or turn taking in the 
interaction: sometimes the better performing dyad member lead and sometimes the 
worse performing dyad member lead.
The DRPs of individual dyads were grouped based on their cooperative task 
performance; those that scored low (0%-25% percentile), average (25%-75% 
percentile), and high (75%-100% percentile); within these percentile groups the 
DRPs were aggregated for Regular and Special education groups separately. The low-
scoring dyads finished 3-6 puzzles, the average group finished 7-10 puzzles, and the 
high-scoring group finished 11-15 puzzles. Note that for the children attending special-
primary education, only five dyads finished 11-15 puzzles.
The aggregated DRPs shown in Figure 1 are centroids obtained with the shape 
extraction algorithm in R package dtwclust (R Core Team, 2017; Sarda-Espinosa, 2017). 
This algorithm uses a shape-based distance metric on coefficient-normalized cross-
correlation functions to generate the mean shape or centroid profile (cf. Paparrizos & 
Gravano, 2015). The thick lines in Figure 1 are smoothed lines (loess, span = .2) with a 
95% confidence interval of a lighter color. The spiky lines are the actual mean profiles. 
The bottom two rows represent the mean score + 95% bootstrapped CI. We chose to 
look at DET (z score, represented on the Y-axis) as it reflects the long-range recurrent 
trajectories in an interaction and not only occasional steady point similarities.
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Results
Descriptive Statistics
Table 1 presents descriptive statistics of children’s sociometric scores and the dyads’ 
task performance scores for children in regular and special primary education. As 
can be seen, dyads from regular primary education performed better than dyads 
from special primary education. There were no mean group differences in likeability 
(acceptance) and popularity as these scores were standardized within classrooms.
TABLE 1    Descriptive Statistics of Individual Popularity and Likeability Ratings (z-scores) and Dyadic 
Task Performance (Number of Puzzles Correct) for Individuals and Dyads Attending Regular and 
Special Primary Education. 
 
Leader-Follower Analyses
We divided dyads in three groups based on task performance: low scoring (0%-25% 
percentile), average scoring (25%-75% percentile), and high scoring (75%-100% 
percentile). Low scoring dyads finished 3-6 puzzles, average scoring dyads finished 
6-10 puzzles, and high scoring dyads finished 10-15 puzzles. In special education, only 
five dyads finished 10-15 puzzles (Figure 1).
Next, we describe the results of the leader-follower analyses. We chose to use the 
individual measure of popularity to distinguish between the individuals making up 
a dyad. In other words, we put the more popular dyad member on the left side of 
the graph and the less popular dyad member on the right side. This way, the results 
are easier to interpret, since this makes dyads comparable and it made it possible 
to identify whether the more or less popular dyad member was in the lead. Figure 
2 shows the leader-follower results of the three performance groups (low , average, 
high), distinguishing between typically developing children (i.e., the lighter line) 
and children with a neurodevelopmental disorder (i.e., the darker line). Below each 
N M SD Min Max
Regular Education
Individual Popularity 366 .02 1.02 -3.08 2.81
Individual Likeability 366 -.03 1.00 -3.28 2.15
Dyadic Cooperation 183 9.17 2.55 5 15
Special Education
Individual Popularity 210 .02 1.00 -2.88 2.08
Individual Likeability 210 .00 .99 -2.72 1.93
Dyadic Cooperation 106 6.75 1.81 3 13
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graph z scores are plotted for the number of puzzles correct by the dyad and by each 
dyad member individually (ID1 is the high-performing dyad member, ID2 is the low-
performing dyad member). Below each graph the z-scores for number of puzzles 
correct and the popularity and likeability of each dyad member are plotted. Since the 
results for likeability were comparable to those for popularity, we decided to only 
present the results for popularity next.
The upper-left panel in Figure 2 shows the results for low scoring dyads. Here, we 
see different patterns for the two groups. For children in regular primary education, 
in general the less popular dyad member was in the lead. For children in special 
primary education, there was a bi-directional alignment; sometimes the popular dyad 
member lead (peak on the right side of the graph) and sometimes the less popular 
dyad member lead (peak on the left side of the graph).
The upper-middle panel in Figure 2 shows the results for average scoring dyads. Here, 
results were similar for both groups. For both groups, the peak was clearly on the right 
side of the graph, indicating that in these dyads the more popular dyad member was 
in the lead, while the less popular dyad member followed.
The upper-right panel in Figure 2 shows the results for high scoring dyads. The pattern 
for both groups was similar, but opposite to that of average scoring dyads. Here, the 
less popular dyad member was in the lead, while the more popular dyad member 
followed. The peak of the regular group was closer to zero than the peak of the special 
group, indicating that there was a smaller lag in the regular education group than in 
the special education group. This means that in the special education group, dyad 
members were slower to follow than in the regular education group.
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Discussion
Although children with a neurodevelopmental disorder often also experience social 
difficulties (e.g., ADHD, Klimkeit et al., 2006; autism, White, Keonig, & Scahill, 2007), 
this study showed that this does not make them different from typically developing 
children in the context of a cooperative task. In both groups, dyads performed best 
when the less popular dyad member was in the lead and the more popular dyad 
member followed. In average dyads, the pattern was also similar, but in these dyads 
the more popular dyad member was in the lead. In low performing dyads, the pattern 
was nearly identical. In the regular group, the less popular dyad member was in 
the lead. Among children with a neurodevelopmental disorder, sometimes the less 
popular member and sometimes the more popular member was in the lead.
High performing dyads in general had a leader who was the lesser popular child of the 
two. In these dyads performance may be determined more by cognitive abilities than 
by individual popularity. Possibly, the less popular children were the smarter ones 
(Senior & Anderson, 1993). These children often put a lot of effort in achievement 
(Rentzsch, Schütz, & Schröder-Abé, 2011), which in this case may have been visible 
in better performance on the tangram task. Although these students are smart, they 
may lack social skills. Perhaps, the high performing but less popular dyad member 
may have been doing all the work, while the more popular dyad member got a “free 
ride.” The socially more apt member of a dyad who cooperates with a high performing 
member may wisely rely on the smarter individual’s capabilities. The present study 
encouraged cooperation, but it was not demanded, because it lacked individual 
accountability, that is, one member could do the task by herself (see Johnson & 
Johnson, 1996). Therefore, the best performing dyads may not have been the dyads 
that perform best, but these were the dyads that had one (very) smart member doing 
all the work.
In average dyads, the observed pattern was opposite to that of high performing dyads. 
Here, the more popular or accepted dyad member took the lead. This was expected 
based on previous research that has shown that popular youths have leadership 
qualities and are often seen as leaders by their peers (Lease et al., 2002; Puckett 
et al., 2008). This appears to also affect performance in a dyadic cooperative game. 
Thus, in average dyads, role division seemed to be influenced by the social dynamics 
of the peer group at large.
Another potential explanation is that these dyads had a smart popular dyad member. 
Compared to academically smart but not very socially skilled children, smart but 
popular children possess both of these qualities (Senior & Anderson, 1993). Smart 
but not very social children are usually not well known, liked, or respected, whereas 
smart but popular children are, in addition to getting good grades. These students are 
probably more modest about their academic achievement, they do not brag about it, 
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which makes their performance more acceptable to their peers (Rentzsch et al., 2011). 
Then, high achievement is seen as something positive, which in the present study 
became visible in the fact that these students were in the lead when performing a 
cooperative game.
The most surprising results were found for the lowest performing dyads: The pattern 
of typically developing children was similar to that of high performing dyads (i.e., the 
less popular dyad member was in the lead). This cannot be explained by their cognitive 
abilities, since they were the lowest performers. However, it may be possible that in 
the low performing dyads the level of likeability (i.e., social acceptance) influenced 
who lead and who followed, instead of popularity, as was the case in the best 
performing dyads. This idea is supported by research that has shown an association 
between being disliked and low academic achievement (Wentzel & Caldwell, 1997). In 
this study, the least popular dyad members were also the least socially accepted (i.e., 
the least liked, see confidence intervals in Figure 2), suggesting that in these dyads 
leaders may have been rejected children. Indeed, previous research has indicated that 
rejected children are characterized by low social preference (disliked by many and 
liked by few; Coie, Dodge, & Coppotelli, 1982), which was also the case for the leaders 
in the low performing dyads (see confidence intervals in Figure 2). It is possible that 
these rejected children took on the role of leader in an attempt to be accepted, trying 
to have the other dyad member cooperate with them.
However, correlational studies have also shown a link between being rejected and 
less prosocial behavior (Asher & Coie, 1990; Wentzel & McNamara, 1999). Thus, it 
may also be that because they showed less prosocial behavior, these dyads were 
characterized by (at least) one dyad member who was unwilling to cooperate (i.e., the 
rejected child). A third and final possible explanation is that due to the rejected status 
of one of the dyad members, the other dyad member was unwilling to cooperate with 
this child, resulting in only the rejected child performing the task. Future research 
should further investigate the mechanisms at play in these interactions and try to 
answer which of these possibilities is true.
For children with a neurodevelopmental disorder, the lowest performing dyads had 
no clear leader or follower. This may explain their low performance. Researchers have 
postulated that especially children with a neurodevelopmental disorder need clear 
leader-follower roles (e.g., Gernsbacher, 2006; Trevarthen & Daniel, 2005; Vink et al., 
2018a). More specifically, Vink et al. showed that when the less capable dyad member 
was in the lead, these dyads performed best. The findings of the present study 
support their finding, since the lowest performance in this group was accompanied by 
a pattern without a clear leader and follower.
In summary, this study was the first to examine leader-follower behavior on a micro-
level and how it was related to popularity and peer acceptance. We compared typically 
5
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and atypically developing children. Overall, these two groups did not differ. Although 
previous research has shown that these two groups differ cognitively (e.g., Vink et al., 
2018b), they did not differ in their social behavior in a cognitive cooperation task. This 
adds to recent findings that also suggest that children with a neurodevelopmental 
disorder may not differ from typically developing children in cooperative interaction 
skills, interpersonal synchrony, and coordination (Vink et al., 2018b).
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In the present thesis, we set out to gain more insight into how interpersonal synchrony 
or coordination are related to task performance and social factors (i.e., social 
acceptance and popularity). More specifically, we wanted to know if interpersonal 
synchrony or coordination is an underlying mechanism of successful cooperation in 
children (Chapter 2), whether this is different for typically developing children and 
children with a neurodevelopmental disorder (Chapter 3), and whether leader-follower 
behavior can provide additional insight into dyadic cooperative task performance 
(Chapter 4 and 5). Below, I first discuss theoretical and practical implications of our 
findings, followed by a discussion of study limitations and questions that still remain 
open for future research.
Theoretical Implications
Previous research quite convincingly has shown that high levels of interpersonal 
synchrony are related to positive outcomes. For example, higher levels of synchrony 
have been related to better memory (Macrae, Duffy, Miles, & Lawrence, 2008), higher 
likeability ratings (Hove & Risen, 2009), and better cooperation (Reddish, Fischer, & 
Bulbulia, 2013; Wiltermuth & Heath, 2009). However, some recent studies, including 
those presented in the present thesis, have shown that this is not always the case 
(e.g., Abney, Paxton, Dale, & Kello, 2015; Mønster, Håkansson, Eskildsen, & Wallot, 
2016). Based on the requirements of the task at hand, it may be more useful to be 
less synchronized and more coordinated. In Chapters 2 and 3 we showed that in 
the task we used (i.e., a cooperative task in which the children were standing side 
by side) less synchrony was observed in better performing dyads. In addition, we 
found this not only in typically developing (TD) children, but also in children with a 
neurodevelopmental disorder (ND). More specifically, in the best performing dyads 
the coupling between postural sway patterns was less deterministic and less chaotic 
(i.e., there was more order in the coordination).
The findings of Chapters 2 and 3 provide additional support for the fact that humans 
are complex systems. We showed that the system self-organizes in response to 
the requirements set by the environment and that adaptive behavior emerges as a 
result of the interaction with the environment. More specifically, when the children 
cooperated, they self-organized their postural sway patterns in response to each 
other and the demands of the task, which meant that they synchronized less (i.e., 
coordinated more). These findings challenge the common belief that more synchrony 
is better. This is in line with other recent studies. For example, Abney et al. (2015) 
also concluded that more synchrony is not always better and that task demands 
may require less synchronized but more coordinated behavior (i.e., that the system 
is more loosely coupled). Mønster et al. (2016) studied the synchronization of 
emotion-related physiological measures (i.e., heart rate, skin conductance, EEG, 
electrodermal activity, and electromyography measures for smiling and frowning) in 
6
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teams performing a cooperative production task. They showed that, indeed, teams 
synchronize physiological measures more than expected by chance, as indicated by 
higher levels of synchrony in real versus surrogate teams. Interesting, however, is their 
finding that lower levels of synchrony in skin conductance and smiling (as measured 
through the zygomaticus major activity) was associated with teams adopting a new 
routine. More specifically, the decreased synchrony in skin conductance was shown 
to be a consequence of adopting a new routine, while synchrony in smiling was also 
predictive of whether a new routine was adopted or not (i.e., a marker of new activity 
patterns).
The same may be true for the studies of this thesis. The children who performed 
best were those who participated in a dyad that had lower levels of interpersonal 
synchrony (i.e., were more loosely coupled). Having to recreate different tangram 
puzzles may have required the dyads to constantly adopt new routines. Mønster et 
al. concluded that “… higher levels of synchrony might either act as a stabilizer of 
established behavior, leading to a decreased tendency to take risky or novel choices” 
(p. 32). This could very well have been the case in our studies as well. It is possible 
that those dyads who performed better were willing and/or able to switch strategies 
(i.e., routines) during the task. This hypothesis is consistent with Clearfield, Diedrich, 
Smith and Thelen (2006) who stated that “skilled behavior – both cognitive and motor – 
requires stability and flexibility” (p. 435).
In Chapters 4 and 5 we examined how leader-follower behavior was related to 
performance on a cooperative task. We used competence (i.e., individual task 
performance; Chapter 4) and popularity (Chapter 5) to distinguish leaders and 
followers, and whether different patterns of leading and following were present in 
groups that differed in cooperative performance. The results showed that examining 
cooperative behavior in this way can provide interesting new insights into the 
process of cooperation. First, in Chapter 4, we showed that based on competence, 
leader-follower behavior in typically developing (TD) dyads was consistent across 
performance levels. Irrespective of performance, the more competent dyad member 
was in the lead. For the non-typically developing (ND) dyads, however, the results 
were both surprising and interesting. While TD dyads profited from a more competent 
leader, the best performing ND dyads had a less competent leader and the lowest 
performing dyads did not have a clear leader at all. Thus, looking at leader-follower 
behavior based on individual competence showed that these two groups profited 
from different interaction patterns.
The results of Chapter 5 were similar to those observed for leader-follower behavior 
in Chapter 4. Although children with a neurodevelopmental disorder often also 
experience social difficulties (e.g., ADHD, Klimkeit et al., 2006; autism, White, Keonig, 
& Scahill, 2007), this did not make them different from TD children in the context of 
a cooperative task. Dyads performed best when the less popular dyad member was 
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in the lead. In average dyads, the pattern was also similar, but in these dyads the 
more popular dyad member was in the lead. In low performing dyads, the pattern 
was nearly identical. In TD dyads, the less popular dyad member was in the lead, 
while among ND dyads, sometimes the less popular member and sometimes the more 
popular member was in the lead.
Relating the findings of Chapters 4 and 5 to the principles of CST, it becomes clear 
again that systems self-organize in response to the environmental constraints and 
that this response is different as a result of the initial conditions of the system (e.g., 
personal characteristics). These initial conditions resulted in the emergence of 
different behavior (leading or following in the interaction) through the interactions 
of personal characteristics (individual competence or popularity), body functioning 
(postural sway patterns), and the environment (the cooperative task at hand). All 
these properties (of the individual, dyad, environment, body, brain) can be said to 
constrain the available pathways to success (the degrees of freedom available to 
generate behavior). That is, a dyad will indeed have to self-organize into the most 
optimal configuration for solving the puzzle and this will depend on the specifics of 
the context of individual, dyad, environment, body, and brain. In any case, it seems 
reasonable to assume this cannot be achieved if the dyad is too rigid, while on the 
other hand, if one individual in the dyad is indecisive, or lacks puzzle solving skills, a 
smart strategy is to follow the lead of the other member of the dyad. 
The finding that children with a neurodevelopmental disorder need a skilled follower 
adds to the existing literature. As discussed in Chapter 4, Trevarthen and Daniel 
(2005) showed that for children with autism it is important that parents take the lead 
in the interactions with their autistic child. In addition, Gernsbacher (2006) stated:
“But what about the child who is delayed in developing the ability to follow his parent’s 
line of vision? What about the child who is delayed in developing the ability to make 
use of pointing gestures, that is, to follow a parent’s manual point or to make his own 
pointing gesture? Or even to make his own reaching gesture? Experience suggests that 
this is when parents—and professionals—need to enact even more reciprocity, need to 
share even more of the child’s world, need to follow even more of the child’s lead, and 
need to become something of a detective to discern the ways that the child is expressing 
joint attention and social and emotional reciprocity.” (p. 145).
Looking at our results from a linear (theoretical) perspective, our results are in line 
with what is known from the extensive literature that is available on this topic: a) 
performance is better when cooperating, b) TD dyads perform better than ND dyads, 
and c) the composition of dyad is related to its performance. Notwithstanding the 
importance of these findings, they do not paint a clear picture of what is actually going 
on during a cooperative interaction and how this can be observed in the interaction 
itself. For example, in all of our studies cooperating in and of itself was not sufficient 
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for better task performance; it also depended on the process of the interaction. In 
addition, although different tasks require different interactions, in our task better task 
performance was associated with being more coordinated. This is in line with recent 
studies, although the dominant idea still is that higher levels of synchrony are better.
Concerning the differences and similarities between TD and ND dyads, we found that 
TD dyads did indeed perform better than ND dyads, but the underlying mechanism (as 
indexed by the synchronization of coordination postural sway) did not differ between 
these groups (Chapter 3). In Chapter 4, however, they did differ in leader-follower 
behavior. Thus, the self-organization and emergence of synchronized or coordinated 
postural sway patterns and its relation to task performance were similar, but when 
taking into account who leads and who follows, both groups required a different type 
of leader for better task performance.
This can be explained by describing their performance in a state space. Put simply, 
imagine that there are two states a dyad can be in concerning the strategy they use: 
being flexible or rigid. Children with a neurodevelopmental disorder may be more 
sensitive to sticking to one single strategy, although a task may require them to be 
flexible. Indeed, research has shown that immature organisms (e.g., Thelen & Smith, 
1994) or those who suffer from neurological damage (e.g., Stuss & Benson, 1984) are 
more likely to stick to a behavior, although the context may require them to switch. 
Thus, in children with a neurodevelopmental disorder, there may be a rather strong 
attractor indicating more rigidity (i.e., a rather deep valley in the state space). Typically 
developing children, however, may be more flexible and thus able to move between 
two more shallow attractors, depending on context. When a ND dyad has a more 
competent follower, this may provide the more competent follower the opportunity to 
‘pull’ the less competent dyad member out of a rigid valley and into a flexible one. We 
hope to test this hypothesis in the future, but a CST perspective may explain why ND 
dyads show different leader-follower behavior than TD dyads.
Practical Implications
In this thesis, we used a cooperative task and showed that cooperating lead to better 
performance than performing the task individually. As mentioned before, this is in 
line with previous studies on cooperation. Thus, the first practical implication of this 
thesis is that it pays to cooperate. From an educational perspective, this supports 
teachers’ use of cooperative learning. However, as mentioned in Chapter 2, our 
method did not comply with all five principles of effective cooperative learning: 1) 
positive interdependence, 2) individual accountability, 3) promotive interaction, 4) 
appropriate use of social skills, and 5) group processing (Johnson & Johnson, 2009). 
There was no positive interdependence, because the task could be performed by 
one member of the dyad. There was some individual accountability, in that dyad 
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members could address one another on their effort, but this does not mean that they 
did. Promotive interactions took place in some dyads, motivating and encouraging 
one another, but not in all interactions. Not all dyads used, or were able to use, 
appropriate social skills and the dyads did not explicitly reflect on their cooperation. 
Thus, the task used was not a cooperative learning task per se. Nonetheless, our 
results showed a positive effect of cooperation on performance, even when not 
all principles of cooperative learning were present. Therefore, we recommend that 
teachers use cooperative learning, and if possible make sure that all principles of 
cooperative learning are present. This will make it more likely that actual cooperation 
takes place, instead of some team members doing all the work and others nothing 
(free-rider effect). However, we do not imply that teachers should use cooperative 
learning all the time. As with many things, there can be too much of a good thing and 
as a result it may lose its positive effect on learning.
The second, and in our opinion most important, practical implication of this thesis is 
that it should be taken into account that TD and ND children have similar underlying 
mechanisms of behavior. Of course, TD and ND children differ because one group 
has a neurodevelopmental disorder, and because TD children are generally more 
cognitively and socially capable than ND children. However, the underlying mechanism 
of synchronization or coordination during a cooperative task did not differ between 
them. They do, however, require a different approach. Both groups need a different 
leader for optimal performance. When teachers use cooperation in their lessons, they 
should monitor how the interactions of children with a neurodevelopmental disorder 
unfold. For example, teachers should pay attention to who leads and who follows. 
In addition, they may instruct the more competent children to follow the lead of the 
less competent children. This is an interesting topic for future research, studying 
the question how teachers should instruct or train children in leading and following 
during a cooperative task. Doing so may provide valuable information for educational 
practice.
Strengths, Limitations, and Suggestions for Future Research
One of the main strengths of the studies of this thesis was that children performed the 
task without restrictions. This is different from previous studies, in which participants 
were generally instructed to stand still in one place for a short amount of time (30-60 
seconds; e.g., Riley, Baker, & Schmit, 2003; Stoffregen, Hove, Bardy, Riley, & Bonnet, 
2007). In our studies, participants were free to move on their balance board, as long 
as the remained on their balance board. Notwithstanding the significance of these 
previous studies, they do not shed light on how postural sway works in a real-life 
context and with real-life interactions (i.e., tasks are often performed in the lab and/
or the to be performed tasks are unnaturalistic). Interactions often last longer than 
30-60 seconds and movement is usually unrestricted. In addition, many studies on 
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interpersonal synchrony have used a controlled experimental setup, for example by 
using confederates who purposefully do or do not synchronize with the participant 
(e.g., Hove & Risen, 2009; Macrae, Duffy, Miles, & Lawrence, 2008). However, in 
real-life this is usually not the case; synchronization occurs unintentionally. What 
we showed is that, indeed, interpersonal synchrony is present, but its association 
to task performance was opposite to that of previous studies. For example, where 
Macrae et al. (2008) showed that more synchrony was related to better memory, 
in our naturalistic setup less synchrony (i.e., more coordination) was better. To our 
knowledge, no other study has looked at the occurrence of interpersonal synchrony 
or coordination with such a limited number of task restrictions.
Another strength of our studies was the number of participants. In addition to the 
naturalistic setup of the task being different from previous studies, we are unaware of 
any study on interpersonal synchrony of this magnitude. In total, almost 600 children 
(i.e., 300 dyads) participated in the studies of this thesis. This makes these studies 
unique in terms of power and we hope that future research will continue to examine 
interpersonal synchrony in different populations in naturalistic settings.
In this thesis, we used the measure of interpersonal postural sway to describe the 
process that takes place during a cooperative task. Questions could be asked why 
we chose this measure, as it does not seem to have a lot of relevance for practical 
purposes. Although we agree that postural sway is not something that can easily 
be used for practical purposes, for example in the classroom, we do believe that we 
have touched upon something interesting. First, from a CST perspective, everything 
interacts with everything, and indeed, this was also the case in our studies. Task 
performance, leader-follower behavior, popularity, and interpersonal synchrony or 
coordination were all associated in some way. Nonetheless, other modalities may be 
more directly related to these measures or in the context of cooperation. In addition, 
looking at different modalities in both typically developing children and children with 
a developmental disorder will lead to a more complete picture of the similarities and 
differences between them. We found that the process of interpersonal coordination 
of postural sway did not differ between these two groups, but the question remains 
whether this is the case in other modalities as well. Although every modality may be 
of interest for future research, we will limit our discussion to three of them.
The first one is verbal interaction. Verbal interaction contains much information about 
the way in which a dyad approaches a problem. Whether a dyad is rigid or flexible in 
its strategy use may become clear when analyzing the verbal interaction. Do dyads 
discuss different strategies or possibilities for solving a problem, or do they keep 
trying the same strategy in every situation? Interestingly, verbal interaction can also 
be analyzed using CRQA. For example, Dale and Spivey (2006) showed that there 
can be syntactic coordination when parent and child converse. They studied this by 
analyzing transcripts using CRQA. From these transcripts, they extracted the time 
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series of both parent and child and determined the sequence of word-class usage by 
parent and child. Next, these word-class usages could be used to create a recurrence 
plot and obtain information about the synchrony or coordination of the interaction. 
This would also be possible in our own studies.
Other characteristics of interactions have also been shown to converge between 
interacting individuals, including phonetics (Pardo, 2006), vocal intensity (Natale, 
1975), and speech rate and response latency (Street, 1984). Reuzel, Embregts, 
Bosman, Cox, van Nieuwenhuijzen, and Jahoda (2013) studied speech rhythms in 
client-therapist interactions using categorical CRQA (i.e., using discrete instead of 
continuous time series). They showed that speech patterns became coordinated up 
to an optimal point in which staff and client alternated their verbalizations, resulting 
in less cross-talk and silent moments. Thus, characteristics of verbal interaction are 
interesting to study with CRQA. Hopefully, future research will do in an unrestricted, 
real-life situation similar to the task we used.
A second potentially interesting modality to study when cooperating is eye movement. 
Do dyad members look at the same object, or do they focus on different objects? In our 
studies, this could have been the gaze direction with respect to a tangram piece. For 
successful communication, both interactors must coordinate their attention across a 
visual common ground (e.g., Clark & Brennan, 1991). Richardson and Dale (2005) had 
two participants look at six pictures of the main characters of either one of two popular 
television shows, Friends or The Simpsons. The speaker was instructed to describe a 
scene: for Friends they could talk about their favorite scene of the characters shown 
on the computer screen, for The Simpsons they were shown a 5 minute scene and 
were asked to describe what had happened and what they thought about it. The 
listener only had to listen to the speaker and later complete a comprehension test. 
During the experiment, the experimenters tracked participants’ eye movements. 
Richardson and Dale showed that listeners looked at the same image as the speaker 
within a timeframe of 0-6 seconds (on average after 2 seconds). Interestingly, this 
was not only the case when the speaker mentioned the name of the character on the 
picture, but throughout the discourse. This study showed that participants matched 
their eye movements, that this happened within a short time-window, and that the 
closer the eye movements were matched in time the better the listeners performed on 
the comprehension test.
Richardson, Dale, and Kirkham (2007) also showed that eye movements were coupled 
across several seconds and that this coupling was related to the degree of knowledge 
sharing between interacting individuals. Thus, eye movement is unintentionally 
coupled in verbal interactions, and the closer eye movements of the interacting 
individuals are matched, the better their comprehension. This may have been the 
case for our experiment as well, since Richardson and Dale (2005) and Richardson et 
al. (2007) showed that it matters for a dyad’s performance whether participants look 
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at the same or different things. Together with verbal modality, studying eye movement 
in future research using our cooperative task may provide useful insights into how 
different modalities are related and to how dyads perform on the tangram task.
The third modality we suggest for future research is overall body movement. The last 
couple of years, several methods have been developed that allow us to study and 
quantify the synchronization of overall body movement. These methods are known 
as frame-differencing methods. One of them is Motion Energy Analysis (MEA). MEA is 
an objective method for quantifying interpersonal synchrony (Ramseyer & Tschacher, 
2011) in which a program continuously monitors a specified region of interest in a video 
recording. The only prerequisites are a static camera position, stable light conditions, 
and digital film material (Ramseyer & Tschacher, 2011). Videos are analyzed frame-
by-frame and change in grey-scale pixels in the regions of interest is quantified. This 
quantification can then be used to examine the degree of synchrony or coordination 
in an interaction. However, MEA is unsuitable for the task we used, due to the fact that 
the regions of interest cannot overlap. In our task, the children were free to perform 
the task in any way they wanted, which meant that in many dyads, for example, they 
picked up a puzzle piece that was in front of the other dyad member, thus ‘entering’ 
the other dyads member’s region of interest. Furthermore, the puzzle they had to 
recreate was centered before the pair, thus making it impossible to analyze that part 
of the interaction using MEA. In order to use MEA or any other frame differencing 
method a different task setup is needed in which children are separated so that their 
movements can be quantified in isolation. Doing so carries the risk of making the 
interaction less natural, since many everyday interactions do not unfold in isolation 
but in the interactions between individuals. Still, using a frame-differencing method 
may provide new, complementary information about the process(as) that take place 
when working together on a cooperative task.
We started from a CST perspective and as such we were less interested in causes 
and consequences and more so in the process that is taking place. Our results have 
shown that looking at the process can provide useful information, and in our case, we 
found that it is better to synchronize less and coordinate more. However, readers may 
wish to know more about causes and consequences. Previous studies have found 
that being more synchronized can lead to better memory and higher likeability ratings 
(Hove & Risen, 2009; Macrae, Duffy, Miles, & Lawrence, 2008), as well as that higher 
likeability or rapport can lead to more observed interpersonal synchrony (Miles, 
Griffiths, Richardson, & Macrae, 2010).
We were not so much interested in causes and consequences, but in the possibility of 
experimentally altering the level of interpersonal synchrony in a cooperating dyad. Is 
it possible to make a dyad synchronize less, and will this result in more coordination 
and better performance? Previous research has shown that experimentally 
manipulating the level of synchrony is possible and that doing so can lead to, for 
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example, lower likeability ratings (Hove & Risen, 2009) or lower memory (Macrae 
et al., 2008). We expect that it will also be possible to experimentally manipulate 
the level of interpersonal synchrony in a cooperative task involving TD and/or ND 
dyads. Experimentally decreasing the level of interpersonal synchrony then could 
be beneficial for both groups, since we have shown that less synchrony (i.e., better 
coordination) is related to better performance in both groups in a cooperative task. 
Hopefully, this question will be answered in the near future.
Conclusion
When we first analyzed the data presented in Chapter 2, we were surprised. Dyads 
performed better when there was less synchrony, while the literature clearly stated 
that more synchrony is better. Fortunately, others have found similar results in the 
last few years, also concluding that in some situations it is better to coordinate than 
to synchronize. One might explain this finding of our study by pointing to the fact that 
children were standing next to each other, making it difficult or counterproductive to 
synchronize. I agree with this, but also believe that this is not a flaw in our design. 
That is, we wanted to use a task that was highly ecologically valid, and children often 
stand or sit next to each other when cooperating.
The reader may imagine our surprise when we analyzed the data presented in Chapter 
3. Since research has shown that individuals with a neurodevelopmental disorder 
generally have more difficulties with synchronizing and coordinating their behavior in 
response to external stimuli (e.g., other individuals), we expected to find a difference 
between typically developing (TD) children and children with a neurodevelopmental 
disorder (ND). However, this was not the case. Although TD dyads performed better 
and were more coordinated than ND children, the underlying mechanism was the 
same. In both groups, task performance and the level of coordination were similarly 
related.
The results presented in Chapter 4 showed that it is important to study leader-follower 
behavior. Although we showed that the underlying mechanism of synchronization 
and coordination is similar, different patterns of leading-following were observed 
in both groups. While TD dyads always had a more competent leader, independent 
of performance, the best performing ND dyads had a more competent follower. The 
worst performing ND dyads did not have a clear leader at all, indicating that role 
division was especially important in this group. Therefore, we suggested to further 
study this behavior, in order to make sure that the learning process of ND children can 
be supported as optimally as possible.
Finally, Chapter 5 showed that role division based on popularity was also related to 
dyadic task performance and that this association was similar for TD and ND dyads. In 
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the better performing dyads, the less popular dyad member was in the lead. Possibly, 
the less popular children in these dyads were the smarter ones (Senior & Anderson, 
1993). In the average group, the more popular dyad member was in the lead. In these 
dyads, role division seemed to be influenced by the social dynamics of the peer group 
at large, since popular peers are often seen as leaders and possessing leadership skills 
(Lease, Kennedy, & Axelrod, 2002; Puckett, Aikins, & Cillessen., 2008). The smart as 
well as popular children are usually rather social, in addition to getting good grades. 
Often, they are modest about their academic achievement and do not brag about it, 
which makes their performance more acceptable to their peers (Rentzsch, Schütz, & 
Schröder-Abé, 2011). Thus, it is also more likely that they are able to take the lead, but 
also that it is accepted by their peers if they do so. In the lowest performing dyads, 
however, the pattern was less clear. While in the TD dyads the pattern was similar to 
the best performing dyads, the ND dyads had no clear leader. For the TD dyads, we 
proposed three potential explanations: 1) the rejected child took on the role of leader 
in an attempt to be accepted, 2) that at least one of the dyad members was unwilling 
to cooperate, due to less prosocial behavior being shown, or 3) an unwillingness to 
cooperate with the rejected child due to his/her rejected status. More research is 
needed to disentangle the role of popularity in a cooperative task. The finding that 
there was no clear leader in the ND dyads is in line with previous research showing 
that these children are in need of a clear leader and follower (e.g., Gernsbacher, 2006; 
Trevarthen & Daniel, 2005). Indeed, this is what we showed in Chapter 4, in which ND 
dyads needed a skilled follower, as opposed to TD dyads requiring a skilled leader.
To summarize, the studies of this thesis were unique in their sample size and the use 
of a naturalistic setting. The results have provided us with new insights, some of which 
were quite unexpected. Many questions remain. We hope that future research will 
continue to address interpersonal synchronization and coordination between children 
in naturalistic settings, to learn more about the process of successful cooperation. In 
addition, we hope that others will continue to investigate differences and similarities 
between TD and ND children and how we can provide them with the most optimal 
learning situations, independent of whether they have a neurodevelopmental 
disorder or not.
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Complexe Systeem Theorie (CST), of Complexity Science, trekt de Newtoniaanse 
gedachte in twijfel dat het universum rationalistisch en deterministisch is en dat er 
een duidelijke orde is, aangezien er overal verandering zichtbaar is en dat stabiliteit 
en zekerheid zeldzaam zijn. CST is een theorie over verandering, evolutie, adaptatie 
en ontwikkeling. Met name in de sociale wetenschappen wordt er eerder over 
dynamische systemen gesproken dan over complexe systemen. Er is echter wel een 
verschil. Zo kunnen twee interacterende systemen gezien worden als een dynamisch 
systeem, maar de onderliggende principes van dit proces zijn die van het ‘algemenere’ 
complexe systeem. Met andere woorden, iedere interactie kan worden omschreven 
als een specifiek dynamisch systeem, maar deze verschillende interacties zijn het 
resultaat van complexe interacties tussen de verschillende onderdelen van het 
systeem. Met andere woorden: nieuwe fenomenen, kenmerken en gedragingen 
ontstaan als gevolg van de dynamische interacties en adaptiviteit van een (complex) 
systeem. 
CST is gebaseerd op de assumptie dat gedrag complex is en dat dit het resultaat is van 
de interacties tussen vele variabelen. Deze interacties vinden plaats over verschillende 
tijdschalen. In het brein zijn er bijvoorbeeld neuronen die op de snelste tijdschaal 
vuren, terwijl de volwassenwording van het brein plaatsvindt op een veel langzamere 
tijdschaal. Bijvoorbeeld, het brein is volwassen rond het 30ste levensjaar, terwijl de 
veranderingen gedurende de gehele levensloop plaatsvinden. Daarnaast is het brein 
gesitueerd in het lichaam, terwijl het lichaam op haar beurt weer genest is in de 
omgeving. Dit wordt het principe van geneste tijdschalen genoemd. In dit geval werkt 
het brein op de snelste tijdschaal (milliseconden), het lichaam op een langzamere 
tijdschaal (seconden), en de omgeving op de langzaamste tijdschaal (minuten/dagen/
weken/maanden/jaren). Het brein zendt informatie naar het lichaam, welke vervolgens 
de omgeving beïnvloedt. Echter, de omgeving heeft ook een effect op het lichaam, 
welke vervolgens weer informatie zendt naar het brein (en vice versa). Kortom, al deze 
relaties zijn bi-directioneel. Het nesten van tijdschalen vindt echter niet alleen plaats 
tussen tijdschalen, zoals in het voorbeeld hierboven, maar ook binnen tijdschalen 
(e.g., verschillende neuronale oscillatiefrequenties in het brein). 
Daarnaast gaat het binnen CST niet zozeer over wat er verandert, maar meer om hoe iets 
verandert over de tijd. Tijd is de cruciale factor binnen CST en verandering is een functie 
van tijd. Hierin onderscheidt CST zich van statische modellen waarin tijd vaak gezien 
wordt als een ‘predictor’. Hierbij kan onderscheid worden gemaakt tussen real-time, wat 
nu gebeurt, en developmental time, dat wat later gebeurt. Bijvoorbeeld: een kind dat 
wordt gepest (real-time) kan daar op latere leeftijd moeilijkheden door ervaren, zoals 
slechtere academische prestaties, gezondheid, sociale relaties en een lager zelfbeeld 
(developmental time). 
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Twee andere belangrijke principes binnen CST zijn zelforganisatie (self-organization) en 
emergentie (emergence). Zelforganisatie houdt in dat gedrag niet voorgeprogrammeerd 
is of dat het onder controle staat van een interne of externe ‘uitvoerder’. Gedrag is het 
resultaat van de interacties tussen het organisme en de omgeving. Emergentie is nauw 
gerelateerd aan zelforganisatie; nieuwe gedragingen worden gezien als het resultaat 
van het proces van zelforganisatie.  Ook de menselijke ontwikkeling kan worden 
omschreven als zelf-organiserend en emergerend.
Een specifieke vorm van zelforganisatie is synchronisatie of coördinatie van gedrag 
in interactie met anderen of de omgeving, vaak interpersoonlijke synchronie 
of coördinatie genoemd. Deze twee concepten zijn echter niet identiek. Bij 
interpersoonlijke synchronie doen twee of meer agents hetzelfde op (ongeveer) 
hetzelfde moment. In andere woorden, de acties zijn in tijd en vorm gelijk aan elkaar. 
Hierbij kan bijvoorbeeld gedacht worden aan het gesynchroniseerd applaudisseren 
van een publiek of het gesynchroniseerd tsjirpen van krekels. Het gesynchroniseerde 
gedrag ontstaat spontaan (i.e., emergeert) als resultaat van het proces van 
zelforganisatie. 
Interpersoonlijke coördinatie verschilt van synchronisatie op het gebied van de vorm. 
Wanneer twee personen bijvoorbeeld samen een zware tafel op moeten tillen, dan 
maakt het niet uit hoe ze het doen, zolang ze het maar op hetzelfde moment doen. 
Een ander vaak genoemd voorbeeld is dat van een danspaar. Dansers voeren meestal 
op elkaar aanvullende bewegingen uit, welke gecoördineerd moeten worden om 
te zorgen dat de dansers niet tegen elkaar op botsen. Kortom, bij interpersoonlijke 
coördinatie gaat het erom dat het gedrag bijdraagt aan de interactie, maar de 
vorm waarin dit gebeurt kan verschillend zijn. De dansers kunnen bijvoorbeeld 
verschillende, gecoördineerde bewegingen uitvoeren die tezamen bijdragen aan de 
interactie (i.e., de dans). Deze coördinatie vindt plaats in relatie tot en als gevolg van 
wat anderen doen.  
Onderzoek heeft aangetoond dat interpersoonlijke synchronie vaak samengaat 
met positieve andere gedragingen: cognitieve, zoals een beter geheugen en betere 
samenwerking, maar ook sociale, zoals iemand aardiger vinden of gerelateerde 
constructen zoals populariteit. Kortom, wanneer er interacties plaatsvinden dan kan 
er interpersoonlijke synchronie of coördinatie optreden en dit kan een effect hebben 
op zowel cognitieve als sociale factoren.  
Synchronie/coördinatie is een proces dat verloopt over de tijd. Om recht te doen 
aan deze dynamiek, volstaat traditionele populatiestatistiek niet en moeten we onze 
toevlucht nemen tot methoden die verandering over tijd kunnen kwantificeren. In dit 
geval is er gebruik gemaakt van de nonlineaire analysemethode Cross Recurrence 
Quantification Analysis (CRQA). Deze methode geeft informatie over de koppeling 
tussen twee systemen, waarbij maten als recurrentie, determinisme en entropie 
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kunnen worden berekend. Recurrentie wordt geobserveerd wanneer hetzelfde gedrag 
op verschillende tijdstippen wordt waargenomen. Determinisme is het percentage 
recurrente punten dat diagonale lijnen vormt (i.e., opeenvolgende recurrente 
gedragingen). Met behulp van recurrentieplots kunnen herhalende gedragspatronen 
gevisualiseerd worden. 
Als eerste is in hoofdstuk 2 onderzocht hoe interpersoonlijke synchronie samenhangt 
met de prestaties van twee samenwerkende kinderen in het basisonderwijs (leeftijd 
8-13 jaar) die samen een tangram puzzeltaak uitvoerden. De kinderen kregen 10 
minuten de tijd om zoveel mogelijk tangram puzzels te reconstrueren. Dit deden 
zij drie keer: alleen, vervolgens samen, en daarna weer alleen. Het aantal goed 
gereconstrueerde puzzels is gebruikt als maat voor de taakprestatie. Tijdens 
het uitvoeren van de tangram puzzel stonden de kinderen allebei op een eigen 
Nintendo Wii Balance Board (WBB). Deze WBBs registreerden de postural sway 
(posturale bewegingen) van de kinderen. Postural sway is de lichaamsbeweging 
die waargenomen kan worden wanneer iemand ‘stilstaat’. Als beide voeten op de 
grond staan, staan we namelijk nooit helemaal stil: we zijn voortdurend in beweging 
om onze balans te bewaren. Deze postural sway is gebruikt om de mate van 
interpersoonlijke synchronie tijdens de uitvoering van de taak te bepalen. Ook is 
de relatie met sociale factoren, zoals populariteit en sociale acceptatie, onderzocht. 
De resultaten van deze studie toonden aan dat leerlingen het best presteerden 
wanneer ze samenwerkten, wat overeenkomt met wat de literatuur hierover zegt. Er 
werd echter geen relatie gevonden tussen de mate van interpersoonlijke synchronie 
en sociale factoren. Er was wel een correlatie tussen taakprestatie en de mate van 
interpersoonlijke synchronie. Echter, deze correlatie was niet sterk, maar verrassend 
genoeg in de tegenovergestelde richting dan werd verwacht. Tweetallen die namelijk 
minder synchronie vertoonden in hun postural sway presteerden beter op de tangram 
puzzel dan tweetallen die meer synchronie vertoonden. Een verklaring hiervoor 
is dat synchroniseren bij het uitvoeren van deze taak niet logisch is. Naarmate de 
tweetallen meer synchroon bewegen bij het uitvoeren van de taak, des te meer was 
er sprake van duidelijke beurtwisselingen: is kind A bezig, dan gaat kind B aan de 
kant, en vice versa. Het lijkt echter beter wanneer er een natuurlijke wisselwerking 
is tussen de kinderen, oftewel dat ze hun bewegingen coördineren. Kortom, deze 
studie toonde aan dat coördinatie soms beter is dan synchronisatie. 
Vervolgens is in hoofdstuk 3 onderzocht of er een verschil is tussen leerlingen in 
het regulier en leerlingen in het speciaal basisonderwijs. Hierbij hebben we, net als 
in de eerste studie, gekeken naar de mate van interpersoonlijke synchronie en de 
relatie met taakprestatie. Leerlingen in het speciaal basisonderwijs hebben vaak 
een neurologische aandoening, zoals Autisme Spectrum Stoornis (ASS), ADHD, 
dyslexie, etcetera. Onderzoek heeft aangetoond dat in alle in de DSM-5 genoteerde 
neurologische aandoeningen er ook vaak sprake is van een stoornis in de postural 
control. Vandaar dat we verschillen verwachtten te vinden tussen tweetallen uit 
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het regulier en tweetallen uit het speciaal basisonderwijs, wanneer er gekeken 
wordt naar de mate van interpersoonlijke synchronie van de postural sway. 
Hoewel tweetallen uit het speciaal basisonderwijs, zoals verwacht, minder goed 
presteerden op de tangram puzzel, vonden we geen verschil tussen de groepen op 
basis van de mate van interpersoonlijke synchronie. Deze studie heeft aangetoond 
dat voor zowel leerlingen uit het regulier basisonderwijs als voor leerlingen uit het 
speciaal basisonderwijs er een significant effect is van de mate van interpersoonlijke 
synchronie op taakprestatie. In beide groepen was de taakprestatie beter wanneer er 
meer coördinatie was in de postural sway. Anders gezegd, ondanks dat de leerlingen 
in het speciaal basisonderwijs minder presteerden dan hun leeftijdgenoten uit het 
regulier basisonderwijs, is het onderliggende mechanisme vergelijkbaar. 
Om verder inzicht te krijgen in hoe interpersoonlijke coördinatie van postural sway 
samenhangt met taakprestatie, werd in de hoofdstukken 4 en 5 onderzocht hoe 
leiden-volgen hier meer inzicht in kan geven. Allereerst hebben we in hoofdstuk 4 
onderzocht hoe leiden-volgen op basis van individuele prestatie meer inzicht kan 
geven in welke tweetallen het best presteren. Met andere woorden, er is onderzocht 
of de beste resultaten worden behaald wanneer het best presterende of het minst 
presterende kind de leiding heeft. Hierbij is onderscheid gemaakt tussen de 25% 
laagst presterende tweetallen, de 25% hoogst presterende tweetallen, en de 50% 
daar tussenin. De resultaten toonden een duidelijk verschil tussen kinderen van het 
regulier basisonderwijs en die van het speciaal basisonderwijs. Bij kinderen uit het 
regulier basisonderwijs was er een duidelijk patroon, ongeacht hoe goed het tweetal 
presteerde: het best presterende kind had de leiding. Bij de kinderen uit het speciaal 
basisonderwijs zagen we echter een ander patroon. Bij de minst presterende diades 
had de best presterende leerling de leiding, terwijl bij de best presterende tweetallen 
dit de minst presterende leerling was. In de middelste groep was er geen duidelijke 
leider. Kortom, waar in tweetallen van het regulier basisonderwijs de best presterende 
leerling de leiding had in de best presterende groep, had in tweetallen van het speciaal 
basisonderwijs de minst presterende leerling in eiding in de best presterende groep. 
Vervolgens werd in hoofdstuk 5 onderzocht of ook sociale factoren, in dit geval 
populariteit en sociale acceptatie, van invloed zijn op wie leidt en wie volgt. Voor 
zover wij weten is dit niet eerder onderzocht. Daarnaast is ook weer de vergelijking 
gemaakt tussen leerlingen uit het regulier basisonderwijs en leerlingen uit het speciaal 
basisonderwijs. Dit omdat eerder onderzoek aan heeft getoond dat kinderen met 
een neurologische ontwikkelingsstoornis (e.g., ADHD en autisme) vaak ook moeite 
hebben met sociale situaties. Onze studie heeft echter aangetoond dat deze twee 
groepen nauwelijks van elkaar verschillen wanneer er gekeken wordt naar leiden-
volgen op basis van populariteit of sociale acceptatie. In beide groepen presteerden 
tweetallen het beste op de taak wanneer de minder populaire leerling de leiding 
had. In de gemiddeld presterende groepen had de meer populaire leerling de leiding 
en dat was wederom het geval bij zowel leerlingen uit het regulier als het speciaal 
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basisonderwijs. In de laagst presterende groep was het patroon bijna identiek. Hier 
had echter bij de leerlingen uit het regulier basisonderwijs de minst populaire leerling 
de leiding, terwijl bij de leerlingen uit het speciaal basisonderwijs de ene keer de 
minst en andere keer de meest populaire leerling de leiding had. 
Hoewel het meeste onderzoek naar de effecten van synchronie vrij overtuigend 
heeft aangetoond dat meer synchronie vaak beter is, laten de resultaten uit de 
hoofdstukken 2 en 3 duidelijk zien dat dit niet altijd het geval is. Voor sommige taken 
is het beter om minder gesynchroniseerd en meer gecoördineerd gedrag te vertonen. 
In de taak die wij hebben gebruikt, de tangram puzzel, werden de beste prestaties 
geleverd wanneer er minder synchronie, maar juist meer coördinatie was. Daarnaast 
is in hoofdstuk 3 aangetoond dat dit niet alleen geldt voor kinderen uit het regulier 
basisonderwijs, maar ook voor kinderen uit het speciaal basisonderwijs. De postural 
sway patronen waren minder deterministisch en minder chaotisch.
Deze resultaten leveren extra bewijs voor de stelling dat mensen complexe systemen 
zijn. We hebben laten zien dat de systemen zichzelf organiseren als reactie op de eisen 
die de omgeving stelt en dat adaptief gedrag verschijnt als resultaat van de interacties 
met de omgeving. In de taak die wij hebben gebruikt betekende dit dat wanneer de 
kinderen samenwerkten, dat dan hun postural sway patronen zelf-organiseren als 
reactie op elkaar en de eisen die de taak stelt, wat inhield dat ze minder synchroon 
moesten bewegen (i.e., meer gecoördineerd). Dit resultaat gaat echter wel in tegen de 
algemene opvatting dat meer synchroon beter is. 
In de hoofdstukken 4 en 5 hebben we onderzocht hoe leider-volger gedrag gerelateerd 
is aan taakprestatie. De resultaten laten zien dat een samenwerkende taak nieuwe 
inzichten kan brengen in het mechanisme van synchronisatie. Uit hoofdstuk 4 bleek 
dat voor kinderen uit het regulier basisonderwijs er een consistent patroon zichtbaar 
is; onafhankelijk van taakprestatie is het de meer competente leerling uit het 
tweetal die de leiding heeft. Voor de kinderen uit het speciaal basisonderwijs waren 
de resultaten verrassend. In deze groep werden de beste prestaties juist geleverd 
wanneer de minst competente leerling de leiding had, terwijl de minst presterende 
tweetallen geen duidelijke leider hadden. De resultaten van hoofdstuk 5 komen hier 
grotendeels mee overeen. Hoewel kinderen uit het speciaal basisonderwijs vaak ook 
sociale moeilijkheden vertonen, maakt dit ze niet anders dan de leerlingen uit het 
regulier basisonderwijs in de context van een coöperatieve taak. Wanneer leider en 
volger bepaald werden op basis van populariteit verschilden de twee groepen niet. 
Alleen de slechtst presterende tweetallen verschilden van elkaar: bij de kinderen uit 
het regulier basisonderwijs was de meer populaire leerling de leider, terwijl bij de 
kinderen uit het speciaal basisonderwijs er geen duidelijke leider en volger was. Dit 
resultaat ondersteunt die uit hoofdstuk 4, namelijk dat vooral kinderen uit het speciaal 
basisonderwijs een duidelijke leider en volger nodig hebben.
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De resultaten gerapporteerd in deze dissertatie hebben nieuwe inzichten opgeleverd 
op het gebied van interpersoonlijke synchronie en coördinatie. Een aantal van 
deze resultaten waren verrassend te noemen. Zo blijken normaal ontwikkelende 
kinderen en kinderen met een neurologische ontwikkelingsstoornis, in ieder geval 
tijdens een samenwerking, niet zoveel van elkaar te verschillen als dat van tevoren 
misschien verwacht werd. Beide groepen presteren namelijk beter wanneer ze meer 
gecoördineerd zijn (i.e., minder synchroon). Wel verschillen de groepen van elkaar 
als het gaat om wie leidt en wie volgt. Dit is iets waar leerkrachten in de praktijk 
rekening mee zouden kunnen houden. Toekomstig onderzoek zou zich kunnen richten 
op het verder in kaart brengen van de verschillen en overeenkomsten tussen normaal 
ontwikkelende kinderen en kinderen met een neurologische ontwikkelingsstoornis en 
hoe we hen kunnen voorzien van de meest optimale leersituaties. 
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Dankwoord
“Believe you can and you're halfway there” 
Theodore Roosevelt
Het is zover: mijn proefschrift is na lang en hard werken dan toch eindelijk af! Het 
was een lange weg met hoogte- en dieptepunten. Ik vond het geweldig om zelf een 
onderzoeksvoorstel te schrijven en vervolgens de gelegenheid te krijgen om dat 
onderzoek ook daadwerkelijk uit te voeren. Het was echter wel lastig om aan mijn 
proefschrift te werken toen ik eenmaal een nieuwe baan had en ook nog eens twee 
keer vader werd. Maar ik ben blij dat ik ondanks dat door heb gezet en wat ben ik 
blij met het resultaat! De berg op de voorkant van dit proefschrift symboliseert de 
beklimming naar de top, want zo voelde het schrijven van mijn proefschrift vaak. Maar 
nu eenmaal boven op die berg kan ik zeggen dat het uitzicht echt geweldig is! 
Echter, dit had ik nooit bereikt zonder de steun van een aantal belangrijke mensen.
Allereerst Anna. Wat ben ik ontzettend dankbaar dat ik van jou heb mogen leren. Ik 
had me echt geen betere promotor kunnen wensen! Je hebt me de vrijheid gegeven 
om mijn eigen ding te doen, maar je was er altijd als ik je nodig had. En als we dan 
een afspraak hadden was het ook altijd gezellig, want er was (en is) altijd ruimte voor 
een praatje en een kopje koffie. Je denkt altijd mee, iets wat ik enorm in jou waardeer. 
Daarnaast bedankt voor alle fijne (en productieve!) schrijfweken. Maar vooral ook 
voor het heerlijke eten tijdens die weken, elke avond was het weer genieten van 
jouw kookkunsten! Ook ontzettend bedankt voor alle kansen die je me hebt gegeven 
en nog steeds geeft binnen het onderwijs. Ik kijk er dan ook erg naar uit om onze 
samenwerking voort te blijven zetten binnen het onderwijs van PWO en PWPO! 
Toon, ik weet nog goed dat je naar me toe kwam met de mededeling dat jij wel interesse 
had in het begeleiden van een promotieonderzoek over “iets met populariteit en 
dynamische systeemtheorie”. Dat was voor mij de reden om naar Anna te gaan en haar 
te vragen of zij ook interesse had. Kortom, voor een belangrijk deel is dit proefschrift 
het resultaat van die keer dat je hiermee bij mij langskwam. Ook wil ik je bedanken 
voor de vrijheid die je me hebt gegeven en voor je hulp bij de totstandkoming van het 
proefschrift. Inhoudelijk is de nadruk minder op de sociale kant komen te liggen, maar 
hier heb jij nooit een probleem van gemaakt.
Maarten en Fred. Jullie kennis van non-lineaire data-analyse methodes, MATLAB en 
R, was van onschatbare waarde bij de totstandkoming van dit proefschrift. Samen 
hebben we aardig wat uurtjes naar de data gekeken, besloten hoe deze te analyseren, 
deze vervolgens geanalyseerd, er nogmaals naar gekeken, opnieuw geanalyseerd, 
etc. Het was een tijdrovend proces, maar ik ben blij dat jullie de tijd hebben genomen 
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om samen met mij de data zo goed mogelijk te analyseren. Ik weet zeker dat we er 
het maximale uit hebben gehaald, waarvoor ontzettend bedankt! Maarten, daarnaast 
nog bedankt dat je mij tijdens de bachelorscriptie enthousiast hebt gemaakt over 
dynamische systeemtheorie, dankzij die scriptie wist ik welke richting ik op wilde 
binnen de wetenschap.
Bedankt ook alle collega’s van PWO. Ik heb genoten van alle gesprekken, lunches, 
uitjes en feestjes. Een groot deel van jullie heeft de RU inmiddels verlaten, maar 
een aantal van jullie zal ik de komende jaren nog vaker tegen het lijf lopen. Nicole, 
wat bijzonder dat wij elkaar vanaf dag 1 op de RU kennen en nu ook vlak na elkaar 
promoveren. Ik heb genoten van de koffiepauzes in het DE-café! Nora, Sonja, Carine 
en Lysandra, bedankt voor de gezelligheid tijdens de schrijfweken die we samen 
hebben gehad! Cindy, bedankt voor de samenwerking tijdens de dataverzameling. 
Dan nog een speciaal woord van dank voor Christel, Lonneke, Katja en Lanneke. Het 
is fijn dat jullie deur altijd openstaat voor een praatje en ik waardeer het enorm hoe 
geïnteresseerd en betrokken jullie zijn, ook wanneer het leven niet loopt zoals je dat 
graag zou willen. Fijn dat ik jullie nog vaak zal blijven zien! 
Ook een woord van dank aan de studenten die geholpen hebben bij de dataverzameling: 
Cindy, Lotte, Floor, Lysanne, Maaike, Marijn, Marjon en Sofie. Mede door jullie inzet is 
het gelukt om zo een omvangrijke onderzoeksgroep samen te stellen. Ook wil ik graag 
alle scholen, ouders en kinderen bedanken die hun medewerking hebben verleend 
aan dit onderzoek. 
Bedankt ook collega’s van Onderwijsadviesbureau Dekkers, voor jullie interesse in 
en betrokkenheid bij de afronding van mijn proefschrift. Een heel groot woord van 
dank aan Peter. Bedankt dat je me de ruimte hebt gegeven om mijn proefschrift af te 
maken en dat je me de kans biedt om binnen OAB Dekkers vanuit mijn expertise een 
bijdrage te leveren. 
Ook een woord van dank aan Tjip de Jong. Dankzij jouw woorden heb ik destijds 
besloten om me volledig op het afronden van mijn proefschrift te richten, wat een van 
de beste keuzes is die ik ooit heb gemaakt!
En dan mijn paranimfen, Arjan en Stijn. Jongens, wat heb ik genoten de afgelopen 
jaren! Eerst samen de Research Master en vervolgens alle drie promoveren. Heel 
bijzonder dat we ook dit avontuur met elkaar hebben kunnen delen. Hoeveel koffie 
hebben wij wel niet gedronken de afgelopen jaren, zonder ons was het DE-café 
waarschijnlijk allang failliet gegaan en zaten Kitty en Jo inmiddels werkloos thuis… 
Maar wat heb ik genoten van al die koffiemomentjes samen! Lekker ouwehoeren over 
niks, samen de Scorito invullen, maar ook altijd tijd om even samen te praten over de 
stand van zaken thuis en op het werk. Arjan, sinds je ons hebt verlaten voor de UU en 
521765-L-bw-Vink
Processed on: 8-8-2018 PDF page: 155
DANKWOORD  155
je terug bent gegaan naar Leiden zien we elkaar wat minder, maar het is altijd fijn als 
je er bent. Ik hoop dan ook dat we elkaar ook na jouw promotie nog regelmatig blijven 
zien. Stijn, ik vind het super dat we nu directe collega’s zijn en dat we een kamer 
delen. Samen moeten we er dan maar voor zorgen dat het DE-café blijft draaien! 
Lieve Arie en Dek, jullie zijn bovenal geweldige vrienden! Het is altijd genieten om 
samen met jullie lekker te eten, een avondje te poolen of een concertje te pakken, 
van mij mag het met regelmaat op de agenda blijven staan! En ook bedankt dat jullie 
er altijd voor me zijn, niet alleen op de mooie momenten, maar ook op de moeilijke 
momenten in het leven. Dank jullie wel, jullie zijn twee toppers!
Jan, Marie-José en Charelle, bedankt voor jullie betrokkenheid en interesse tijdens 
mijn promotietraject. Maar bovenal bedankt dat ik onderdeel mag zijn van jullie gezin. 
Ik voel me altijd welkom en gewaardeerd en het is fijn om te weten dat jullie altijd voor 
ons klaarstaan!
Lieve papa en mama, bedankt dat jullie altijd in mij zijn blijven geloven en mij altijd 
hebben gesteund. Zonder jullie steun en vertrouwen weet ik niet of ik het zover 
had kunnen schoppen. Mama, bedankt dat je me als kind zijnde altijd geholpen 
hebt om op school zo goed mogelijk te presteren. Ik kan me nog goed herinneren 
dat je me tijdens de schoolpauzes nog even snel overhoorde voor het proefwerk 
van die middag. Ik denk dat het door jou kwam dat ik leren (in ieder geval op de 
basisschool) nooit als vervelend heb ervaren. Daardoor heb ik toen het beste 
uit mezelf kunnen halen en dat heeft de basis gevormd om te komen waar ik nu 
ben. Dank je wel, lieve mama! Papa, wat had ik je graag bij mijn promotie willen 
hebben… Helaas heeft dat niet zo mogen zijn. Bedankt voor alles wat je voor me 
hebt betekend. Je hebt me altijd gestimuleerd om door te zetten en het beste uit 
mezelf te halen. Altijd vroeg je me hoe het met mijn promotieonderzoek ging. Je 
was altijd geïnteresseerd en je was trots als ik vertelde dat ik weer een stap verder 
was. Wat jammer dat je het eindresultaat niet kan zien. De letter ‘A’ die je op de 
hoofdstukpagina’s ziet ontstaan is jouw voorletter. Zo ben je er toch een beetje bij… 
Lieve papa, bedankt!
Dan mijn twee mooie, lieve meiden, Luna en Flora. Zoals ik aan het begin van dit 
proefschrift al schreef heb ik de twee mooiste promoties al meegemaakt, namelijk 
toen ik gepromoveerd werd tot jullie papa. Mijn proefschrift was echter nog niet af en 
met jullie erbij werd het afronden er niet makkelijker op. Tijd met jullie doorbrengen 
is namelijk het leukste wat er is, maar dat gaat dan natuurlijk wel ten koste van het 
schrijven van een proefschrift. Maar het is gelukt, papa heeft zijn proefschrift af! Luna, 
papa hoeft nu niet meer aan ‘zijn boekje’ te werken. Flora, jouw komst zorgde voor 
net dat beetje extra motivatie dat ik nodig had om extra hard door te werken. Dit 
proefschrift is dan ook voor jullie, zodat jullie weten dat als je iets heel graag wilt en 
er je best voor doet, dat je het dan ook kan! 
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De laatste woorden zijn voor jou, lieve Kim. Jij bent toch wel het mooiste wat me 
is overkomen tijdens mijn promotie. Jouw deur stond altijd open voor een praatje, 
en aangezien die maar drie deuren bij mij vandaan was, maakte ik daar maar wat 
graag gebruik van. Daarnaast was jij er altijd wel voor te porren om een biertje te 
gaan drinken, dus bij Samson waren we dan ook regelmatig te vinden. Snel ging 
collegialiteit dan ook over in vriendschap. Dat het meer zou worden dan dat hadden 
we toen niet verwacht, maar kijk nu, we zijn alweer zes jaar samen en twee prachtige 
dochters rijker! Elke dag geniet ik van ons samenzijn en van ons geweldige gezinnetje. 
Dank je wel dat je me altijd bent blijven steunen. Ik weet dat het voor jou niet altijd 
leuk was dat het zo lang heeft geduurd voordat mijn proefschrift af was, of als ik weer 
eens een avond of nacht door moest werken of op schrijfweek ging. Maar altijd ben 
je er voor mij, dank je wel! Met jou aan mijn zijde kan ik de hele wereld aan, ik hou 
van jou! 
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